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THE VISIBLE NUMERATOR. 






This apparatus is designed to illustrate to the Eye, and thus to convey to 
the Mind, a clear and an adequate idea of the general principles of Arithmetic. 
It is, in a word, designed to take tbe same place in Arithmetic, which the Dia- 
grama occupy in Geometry, Its nature and use are founded in the soundest 
principles of Mental Philosophy, as advanced and maintained hy Locke, 
Reid, Stewart, Brown, and others. 

Consisting of a series of solid*, so arranged as to impart with rapidity a 
satisfactory knowledge of a most important hranch of Education, this simple 
apparatus will, in the opinion of many of the most distinguished Mathematical 
Professors in our country, who have examined it, prove an essential aid in 
the Art of Teachings by communicating in a few hours, as much real science, 
as it has usually cost months, and even years, fully to acquire. 

Each set of the Visible Numerator is accompanied by ample directions for 
its use, and is adapted to pupils of every age. Families, therefore, will find 
this Apparatus an invaluable source of instruction for their children, and its 
introduction into the domestic circle, cannot fail to render a science, which 
has too often inspired aversion and disgust, the subject of dally amusement 
and satiskctiou. 



*' This appwatiw is very gimple, and we cannot but look opon it as one of the improve- 
ments of the apje." — Magatine of Useful Knowledge, for JIfay, 183L " This apparatqs 
should be used in every family and school where elementary instruction is given."^JVcio 
York Evening Journal, "We have been exceedingly gratified in examining an apparatus, 
intended for illustrating the general principles of Arithmetic, invented by Mr. Oliver A, 
Shaw, a practical teacher, of Richmond, Va. It has received the decided approbation of ' 
many^ntlemen of literature and science, but it needs them not, to commend it to any per- 
son, who has opportunity to examine it, and witness its use and application for a few 
minutes. By this means all the fundamental rules of Arithmetic maj be taught with great 
facility; and, what is far better, the reason of the process is explainad to every common 
capacity. The invention is perfectly simple, and every one is surprised that it has not been 
thought of before.*'— £d«co£ic;n Reporter, of July 21««, 1831. 

The following testimonials of gentlemen belonging to New York, and others from different 
parts of the country, who have examined the Visible Numerator, are annexed, together 
with a letter from mt. Walter R. Johnson, Principal of the High School in Philadelphia, and 
Professor of Mathematics in the Franklin Institute of that city : 

Philadelphia, May % 1831. 
Mr. Oliver A. Shaw, 

Dear Sir, — Having been favored with a view and explanation of your method 
of elucidating,the elements of arithmetical calculation, by means of sensible objects, I am 
fully of opinion, that it is superior to any of the devices designed for similar purposes, which 
have hitherto fallen under my notice. I am persuaded that by the use of the simple means 
which you apply, the mind of the pupil will be early led to attach the right value to figures 
according to their places; and to comprehend, with perfect clearness, the reason of every 
step demanded by the nature of the operation which he is to perform by means of figures. 
By the method oi teaching yet extensively in use, the progress of the scholar is chiefly im- 
peded by the mere technical expressions employed about this subject, which, if not left 
wholly without elucidation, are often explained in terms equally technical, and equally need 
ing explanation. Your Apparatus, embracing the combined view of numbers and magni- 
tudes, and their relation to each other, gives an intuitive perception of the truth and propri- 
ety of every process required in the soltition of a problem. Knowing from long observation, 
that Arithmetic may be rendered one of the mostengagingof pursuits for the youthful mind, I 
feel assured, that with the aid of such facilities as are presented in this method, no scholar 
of ordinary capacity need be embarrassed by any of those appalling obstacles, which have 
too often rendered the whole subject a matter of perplexity and disgust. 
I am, dear sir, with high respect, your friend and servant, 

Walter R. Johrsoit. 



The following letter is from Mr. W. J. Adams, of Barclay street, New York : 
Mr. O. A. Shaw, 

Dear Sir, — It is with pleasure that I express mj concurrence with Mr. 
Johnson, in regard to your Apparatus for explaining written Arithmetic. I have never seen 
anything which appears to me so well designed to impart clear ideas of the relations of 
different Quantities to each other, particularly of different magnitudes. As a valuable aid, 
also, in aemonstratins all the rules of Decimal Arithmetic, 1 cordially and confidently 
recommend " the Visible Numerator *^ to the notice of every teacher. 
1 remain, sir, your friend, respectfully, 

W. J. Adams. 



We fully concur in the opinion expressed by Mr. Adams respecting " The Fisible 
Mimerator.''^ 

Jfthn Ciri»r^m. Wm. Fnrrfiat. R. P. Parker. John Morsran. JoRenh fJ. Hart. 8. Johnston. 



Digitized by 



Google 



ADVERTISEMENT. 



The Visible Numerator, for which a Patent has subsequently 
been obtained, was invented in Richmond, Va. during the month 
of February, 1831, by the subscriber, after having been engaged 
in the profession of an instructor for upwards of fifteen years, and 
after having devoted much and long continued attention to the 
subject of teaching Arithmetic* 

Among the considerations which prompted the inventor to ascer- 
tain, if possible, a philosophical method of imparting to learners an 
adequate idea of Arithmetic, it occurred to him, that Geometry, or 
^ihe science of extension,'^^ which is an abstract science, had, from 
time immemorial, been taught, and s-uccessfully tatfght, by the visible 
iUiistrations denominated Diagrams ; that Arithmetic, or " the science 
of numberSf^ which is also an abstract science, had ever been taught', 
but unsuccessfully taught, by means of a descriptive nature addressed 
chiefly to the ear; the eye never having been employed, except in a 
manner perfectly arbitrary, and totally unconnected with th.e rationale 
of the science ; that, while Geometry had been, to almost every pupil, 
a subject of clearness and satisfaction. Arithmetic, though equally 
simple in its nature, and less numerous in its principles, had, with 
few exceptions, been the perpetual source of obscurity and disgust; 
and that this difference in the success with which these two sciences 
had been cultivated, had originated in the circumstance, that, while 
Geometry had been taught philosophically by means of visible objects, 
Arithmetic had been pursued precisely as Geometry would have 
been, had Simpson and Playfair been stripped of their diagrams, and 
been suffered to retain nothing but the Theorems of Euclid an- 
nounced, and his propositions demonstrated with letters alone ; and 
the student thus been doomed to commit to memory those Geometrical 
truths, the nature of which he could not understand. 

These were some of the considerations, which induced the sub- 
scriber to attempt an improvement in the mode of teaching Arith- 
metic. How far the attempt has succeeded, may 'best be learned 
from the fact, that the Vinble JVumerator has, within the few months 
during which it has been before the public, been adopted by upwards 
of four hundred of the most distinguished schools in the United 
States, as well as by many families, who feel interested in the sv.bject 
of domestic education. 
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It is, indeed, a matter of surprise, that, while visible ohjeeU are 
employed in teaching almost every thing else, Arithmetic, the most 
practical, and, in our own country certainly, the most extensively 
important branch of common education, should not be equally fa- 
vored; that while Geography has its maps, Astronomy its orreries^ 
Natural History its pictures^ Geometry its' diagrams, and even Pen- 
manship and finglish Grammar have not been >^ithout similar fa- 
cilities, the attempt should still be made, to impart to the youthful 
mind a knowledge of Arithmetic, by means of the descriptive, or, 
what may with more propriety be termed, the prescriptive, process. 

It will be found, on examination, that the Visible JVumerator does 
not supersede any one of the many excellent Treatises on Arithmetic 
now in general use ; and, that it merely exhibits ta the eye, what 
they describe to the ear. 

This apparatus has received the extensive patronage alluded to, 
aided by no other directions for its use, than those contained in a 
meagre pamphlet of sixteen pages ; and \t has recently been a 
desideratum with the subscriber, to make the instructions concerning 
its nature and application so ample and plain, that, if occasion should 
require, a child might use the apparatus, without infringing upon the 
time of either the parent or the teaclier. The former pamphlet of 
directions, therefore, has been wholly incorporated with the preface 
of the present work, and speculatiohs of a metaphysical, or an 
abstruse character, have been entirely excluded from the subsequent 
** Description of the Visible Niimerator and Instructions for its UseJ** 
The learner, therefore, will do well to attend to the " Description *' 
and "Instructions,''^ before he reads the "Prefatory Remarks,^^ since he 
will thus better comprehend the philosopMccU principles, on which this 
invention is founded. He will also observe, that the delineations of the 
solids in the Plates, are on a scale of one fourth the size of the 
solids themselves. This circumstance, of which due notice will 
subsequently be given, contributes much to the neatness and the 
convenient use of the plates ; obviates the awkwardness incident to 
the folding and unfolding of unwieldly sheets of diagrams, and 
enables the eye to survey, at a single glance, several operations, 
which would otherwise be liable to confusion, in consequence of not 
falling, at once, entirely within the scope of tlie vision. 

Great pains have been tak^n, and much expense has been incurred, 
in rendering both the book of Instructions, and the Plates, perspicuous 
and entertaining; for it is only by presenting the subject of Arith- 
metic to the pupil divaftted of the mystery, which has been made 
ordinarily to envelope it, and by imparting to it, the same degree of 
interest, which attends the acquisition of many other branches of 
knowledge, that we can rationally expect the science of numbers to 
become as feasible in its attainment, as it is useful in its application. 

OLIVER A, SHAW. 

May 1, 1832. 
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VISIBLE NUMERATOR. 



PREFATORY REMARKS.* 

Many are the improvements whkh bare been made within a 
few years past in text books on Arithmetio, and it W9«ld seem, 
that after the important benefits bestowed on the canse of edaca- 
tion in this department of science, by numerous treatises recently 
adopted in our schools, Kttle remains to be done, which can be 
effected by books alone. Colburn^ Emerson, and Smith, to say 
nothing of other authors whose names stand deservedly high in 
this branch of learning, appear to have advanced as far as mere 
description can go, to impart to pupils a competent and satisikc- 
tory knbwledge of the principles of Arithmetic^ Their works 
must ocHitinue to be used^by every intelligent teacher, as the best 
guides of the youthful intellect through the mazes of numeral 
calculation. These mazes, however, mutit continue in a measore 
thorny J as they always have been to a most lamentable degree, 
until we can render the study of Arithmetic, by some peculiar 
mode of instruction, which is phflosopbical in its nature, and 
simple in its adaptation, as much an object of interest and attrac- 
tion, as it has been hitherto to most pupils a fruitful source of par* 



* The ** Prefatory Remarka^ are ehiefly designed to present to Parents and Teaohenr, s 
general view of the philosophical principles on which the Invention, termed the ** FisibU 
Jifameratmr^ is founded. Learners^ therefore, are directed to attend particularly to the 
" DteHption ^ and " /iwtmcttoiu ^ previoosly to reading these ** Remarks.'' 
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plexity, aversion, and disgust. The invention which has been 
termed the ** Visible Numerator," is founded, as has been 
previously intimated, on purely philosophical principles. Predi- 
cated in its construction and use on the doctrines of intellectual 
philosophy, as advanced by Mr. Locke, and explained and defend- 
ed by later metaphysicians, concerning the origin of our abstract 
ideas, and the mode in which these ideas are introduced into the 
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In regard to the subject of imparting to 'the mind a knowledge 
of the abstract sciences, by means of sensible illustrations, it is 
incontrovertibly true, that there never has been, and never can 
be, ant^ method of instruction invented, or used, which does not 
consist essentially in making use of sensible illustrations of the 
principles of science. It is, in short, metaphysically impossible, 
for a learner to acquire knowledge from any external source 
without employing one or more of his senses sfn such acquisition. 
The very process of description itself, so often used, and by some 
so tenaciously insisted on, is nothing more than a combination, 
or a set of objects addressed* to the ear of sense of hearing. The 
onjy question, after all, is, whether visible or audible illustrations 
^all be used, or whether the ears or the eyes shall be employed 
in communicating knowledge to the mind. The middle course, 
however, in this, as in most other cases, is not only the safest but 
the best ; and the more senses we can enlist in obtaining an 
acquaintance with any branch of learning, the better. 

The idea, which either ought to, or does, enter the mind of the 
learner, in taking the first step in the science of arithmetic, or in 
passinjg from units to tens, is the precise relation in point of va/t^e, 
which the first order of units sustains to the second. This rela- 
tion is very commonly, though very inadequately, shown by placing 
to the left of one of any object ten objects of the same kind and 
size, or quantity ; as putting by itself a ball on the abacus or 
numer^ frame, on one wire, and ten balls on the next, and 
teaching the pupil to say, units, 4ens^ &c. By thi» illustration 
the mind is improperly led to compare the first order of units with 
ten times as many of itself, whereas, the comparison should be 
instituted between the emit of the first order and a unit of the 
second order, or between one order of units of a certain value, 
and another order of units of a value ten times as great. The 
different values of the places in notation are intuitively imparted 
to the mind, then, by placing before the eye homogeneous objects, 
each of which is ten times as large as that which precedes it : and 
since our notion of value is primarily suggested by that of size ; 
and inasmuch as size is more readily and accurately determined 
by the sight, than by any of the other senses, it follows, that a 
succession of six solids corresponding in size to the respective 
values of the six places of the English method of notation, must 
2 
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present to the mind, at a single view, a clear and an adequate 
idea of the doctrine of pumeration. It is manifest, also, that the 
French method of notation, where three places belong to the 
period, can be illustrated in a similar way. In many instances, 
indeed, the French method of notation is used on •account of its 
greater simplicity, instead of the English. But, by means of the 
illustrations made with the Visible Numerator, the latter method 
can be rendered quite as easy as the former. 

The Visible Numerator, as will be seen in the sequel, consists 
of two different sets of solids, one for the tenfold or decimal ratio, 
adapted to the illustrations of the principles of the five simple 
rules y as they are called in most of the treatises on Arithmetic, viz. 
Numeration, Addition, Subtraction, Multiplication, and Division, 
and the corresponding rules of Decimal Fractions, together with 
the various doctrines oi proportion ; and another set of solids, as 
will be obvious on inspection, varied in such a manner in point 
of size, as to accord with the four denominations of sterling 
money, farthings, pence, shillings, and pounds ; calculated to 
exhibit the principle of operating in the compound rules and 
reduction in that species of currency ; and, by analogy, to suggest 
the mode of proceeding with the various other coins, weights, and 
measures, which are concerned in the same rules. The calcula- 
tions of federal money are managed with solids of the decimal 
ratio. Both sets of solids may be used either in combination, or 
separately, for illustrating the different operations concerned in 
the reduction, addition, subtraction, multiplication, and division 
of vulgar fractions. 

In families, each pupil should be provided with a slate and 
pencil, and write down the examples to be illustrated in figures, 
immediately after the illustration is made with the solids on a 
table. 

In Using this apparatus, in schools, it will be well for the solids 
to be exhibited on a table of convenient height, the instructor 
standing between the table and a black hoard, stationed behind 
hin[i, for the purpose of receiving copies of the abstract operations 
performed in the mind of the pupil, who sits before the table, 
and witnesses the illustrations which are made upon it. Here, 
then, is presented simultaneously the whole business of Arithmetic 
The illustration is made with the Numerator on the table, the 
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abstraction takes place in the mind of the learner, and is imme^ 
diately copied, either in words or in figures, on the black board, 
by the learner or by the teacher. Notation is illustrated by 
placing the smallest of the solids, or that which represents units, 
on the ta^ble, and arranging the other solids of the same set, as they 
increase in a tenfold ratio, towards the leil ; and here it may be 
cemarked, that th© instructor will be under the necessity of 
putting the solids, as it regards himself, in the position he stands, 
behind the table, increasing firmn the Jeft to the right, and this 
order must be prenerved throughout the illustrations, that the 
pupils may view ibe illustrations in the pM»pQr arrangements in the 
situation they occupy in the front of the table. - The solids be- 
longing to the set in question, are of aix different magnitudes, 
presenting at once an idea of the manner in which figures occyi- 
pying the six plaees of the English notation increase in point of 
the value which they express, from units to hundreds of thousands 
inclusively. We thus have the whole period, consisting of six 
places : and this period is denominated units, millions, billions, 
trillions, quadrillions, d&c, according as it is, the first, second, 
tbird, fourth, or fifth period from the right. Any pupil may 
be thus taught with the ^eatest rapidity to numerate any 
combination of figures he chooses; and if acquaiated (and if 
not, he readily can be made so) with the derivation^from the 
Latin language of the terms billionr, trillion, &c., he may soon 
give the correct reading, without h^-ving occasion to^^rite it down, 
of any number of figures of the same name, supposed to be 
written in a horizontal row, from right to left. The term billion, 
he will perceive, is derived from bis, which signifies twice, and 
by the association arising from the^rigin o^ the word, the mind 
would be led to assign the name of billion to the second period 
from the right ; whereas, in consequence of the intervention of 
the term million, between the period of units, and that of billions, 
the idea suggested by the term billions falls precisely one period 
behind that, which it is arbitrarily made to signify. A similar 
remark may be made with regard to trillions, being derived from 
tres, three, though actually made to denote the fourth period. 
If, then, the number of one hundred figures were proposed to be 
read in this extemporaneous manner, every figure being supposed 
to be a 3, and if the whole number of figures be divided by six. 
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(the number of pht'ces in a period,) there will be found to be in 
the one hundred Ss, sixteen periods, and four 3s orer, for the 
seventeenth period. Now, taking advantage of the principle of 
derivation previously alluded to, entitling the seventeenth period 
5€2>decillions, and considering, that every place in numeration is 
either the place of units, or tens, or hundreds, or thousands, or 
tens of thousands, or hundred of thousands of that period to 
which it belongs, accordingly as it i&the first, second, third, fourth, 
fifth or sixth from the right, the ^nr 3s in the seventeenth period 
must be read three thousand three hundred and thirty-three 
5e2>-decillions, the sixteenth period, three hundred and thirty-three 
thousand three hundred and thirty-three quin-decillions, and so 
on through quatuor-deciilietis, tre-deciilions, duo-deciliions, un- 
decillions, decillions, nonillions, octillions, septillions, sextillions, 
quintillions, quadrillions, trillions, billions, millions, and units. 
By an example or two of this nature, beginning in some instances, 
perhaps, with a smaller number of figntes at a time, the pupil 
becomes so perfectly familiarized with what may be called, with 
propriety, the language of figures, as in no instance to mistake 
ITS import, nor to* be ignorant of their value. 

The foundation of arithmetical science being thus laid, in a 
thorough knowledge of the principles of numeration, the pupil 
then proceeds to addition : and here, as in all the subsequent 
doctrines of numbers, the mode of using the Nkanerator, may be 
best understood by the bare propounding of a concise example 
under each rule. If it be reqoired, for instance, to perform the 
addition of two hundred and fifty-three, to sixty-one, the pupil 
may be asked, how many hundreds in two hundred and fifty- 
three ? He will, of oourse, answer ttoo, then in answer to similar 
questions concerning tlie numbers of tens and units respectively, 
he will reply five tens and three units. The solids representing 
the two hundred and fifty-three, may be thrown successively^ 
in a promiscuous heap, without any regard to their order, 
as denoting units, tens, and hundreds. The pupil being led by 
a view of them in a previous illustration of Numeration to assign 
to them their supposed values, will immediately read them, as 
two hundred and fifty-three. 

In order to give a clear idea to the pupil, in this stage 
of the process, of the most expeditious method of copying 
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the idea of two hundred and fifty-three, which has now be- 
eome abstract in his mind, as well as to show, at the same 
time, the necessity whidi exists, of pursuing the proper or con^ 
ventioncU order in writing figures, the figures 2, 3, and 5 may be 

3 
written at random on the black board, thus, for instance, 2, 

6 
and the pupil requested to read th«m. Qe will soon perceive, 
however, that, written in this manner, they do not present a copy 
of the idea in his mind, and, therefore, as they are thus written, 
cannot answer their true purpose ; aod, 4ndeed, can be read as 
nothing else than 2, 3, and 5, It will be bes^ ^n, to take an 
hwentort/ of the solids on the table, piroceeding according, to the 
mode of writing the two hundred, fiv^e tens, and three units, or 
two hundred and fifty-three, which has been agreed upon, and 
authorized by custom, and which has become ^onven^tona/ among 
mankind. The first question in taking this inventory will be, 
how many units are there in the unit's place of two hundred and 
fifty-Uiree ? The answer being three, the three solids denoting 
tlie three units are placed by themselves, and the figuje 3 written 
on the black board. The next inquiry being, how many tens 
to go into the ten's place in two .hundred and fifty-three, 
and the answer to this inquiry being five, the figure.5 is written 
at the left hand of the 3, and after a similar question and answer 
concerning the hundreds, the figure 2 is writtenat the left hand 
of the three, making 253, an exact copy, in ^^ure^, of the idea 
IP the mind of the pupil. It. nu^, perhaps, not be amiss to 
pursue this digression, which belongs to the subject of Numera- 
tion, rather than to that of Addition, a little farther. To exhibit 
dearly the steps requisite ' in writing any number in figures, let 
the solids representing the five tens be removed firom the table, 
leaving only the two hundred, and the three units, or two 
hundred and three. Now, the idea derived by the pupil from 
the existing illustration, is two hundred and three; but if the 
figure 3 is put upon the black board, and the figure 2 imme- 
diately at its left;, these two figures, thus arranged, will not, 
according to the principles previously established, amount to a 
copy of the idea of two hundred and three, but must be read 
twenty^ihret. It will thus be seen by the pupil, that the pre- 
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ceding inquiry must be made with respect to every place tit 
suceession ; thus, how many units for the unit's place ; and the 
figure 3 set down on the black board,— then, not how many 
hundreds for the hundred's place, — but how many tens in the 
ten's place. The answer being none, the character must be 
put at the left hand of the 3, to signify none of tens; the next 
question will be, how many hundreds 1 and the answer being 
two, the figure 2 is set down at the left of the cypher. The copy 
of the idea of two hundred and three is thus completed. The 
pupil, by this short digression from the Inain subject under illus- 
tration, will have thus acquired, with very little practice, a clear 
idea of the mode of writing any number whatever. 

To proceed now with our illustration of the principles of Addi- 
tion : the number 253 being thus written down, after placing 
the representative solids in their proper order on the table, 
the six tens and one unit, which constitute the 61, are then 
placed under the 253, the unit solid being put, of course, di- 
rectly unde% and added to the three unit solids of the 253, and 
the six solids of ten treated in a similar manner. It will be found, 
that when the three units in the 253 are added to the one unit in 
the 61, the sum will be four units, and that when the five tens in 
the 253 are added tb the six tens in the 61, the sum will be eleven 
tens, which sum may be more conveniently .represented by put* 
ting down a solid underneath these tens, which denotes ten tens, 
or one hundred, and another solid of ten, together making eleven 
tens, than by going to the trouble of counting out eleven individ* 
ual solids of ten. We then have two . hundreds to put down in 
the hundred's place, which, with the one hundred to carry from 
the last addition, will amount to three hundred, and the whole 
sum will stand 314 ; and the operation, fi-om which it arises on 
the table, may be simultaneously copied on the black board. 

To illustrate Subtraction, we may take as our first example the 
same numbers ; — and we shall be required to take 61 fi-om 253. 
The one may be taken from the three without any inconvenience ; 
but we have, in the next place, to .take 6 tens from 5 tens, which 
apparently cannot be done ; and, in order to illustrate to the eye 
of the pupil, the operation which must occur in the mind in 
order to accomplish this, one of the hundreds must be re- 
moved from the taMe, and 10 tens substituted in its stead; 
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i^owiog that 1 hnndred, 15 tens, and 3 iinHs, are the same 
thing as 253. The illustration can then proceed with ease, and 
the 9 tens as a remainder put on the table, with the 1 hundred 
at its lefl hand, making 192 for a remainder. And all this 
suggests the principle on which the technicality of many of the 
books is founded, in saying 6 from 5 I cannot, but 6 from 15 
leaves nine, then 1 to carry to is 1, and taken from 2 
leaves 1, that is as before, 192. Anpthe^ example which will 
be given in Subtractiop, and which will be sufficient for the pur- 
pose of giving a oompetent idea of the mode of applying the 
Numerator to the developement of the other principles of this 
rule, is, to subtract 3 from 200: Here it will be seen, that in 
order to subtract the 3 units from the 2 hundreds, we must, in 
the first place, take from the table one of the solids^ representing 
hundreds, and substitute ten solids of ten, and secondly, after 
removing one of these tens, put in its place ten solids of units. 
All this, when read, will be called 1 hundred, 9 tens, and 10 
units. The operation can then be puraued, and tbe principle 
illustrated without difficulty. 

For Multiplication, one or two examples will suffice to show 
the manner in which the Numerator is used in this rule ; and 
other examples can of course be given, either in this or Other 
rules of arithmetic, according to the discretion of the teacher, 
which must be guided by a consideration of the age and ad- 
vancement of the pupil. Let it be required, th^, to multiply 
232 by 22. Placing the solida on the table, in a manner 
corresponding to the usual position ef the numbers concerned, as 

232 . 
they are written on the blaok board in figures, thus 22 ; the 

operation may proceed by multiplying the 2 units in the multir 
plicand by the 2 units in the multiplier, which will produce 
4 units ; then the 3 tens, which will make 6 tens ; then the 2 
hundreds, which will be four hundred; making 464 for the 
product of the 282 by the units in the multiplier. The next step 
will be, to multiply the multiplicand by the 2 tens in the multi- 
plier. Now if we multiply the 2 units in the multiplicand by the 
2 tens in the multiplier, the result will be 4 tens ; which, in order 
to place them prop^ly for the purpose of adding the product of 
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the mnltif^ieand by the 2 tens to the product of the nraltipiicand 
by the 2 anits, after both multiptications have been performed, it 
will manifestly be correct to put the solids representing this first 
product by the 2 tens in the multiplier, under the tens in the 
product of the multiplicand by the units : thus showing the reas(Ht 
and meaning of the technicdity of the books, which direct the ' 
pupil ** to set doum the right hand figure of each successive prO' 
duct, one place farth^ to the left" 

The next step in this operation is, to multif^y the 3 tens in 
the multiplicand by the 2 tens in the multiplier. Here, the idea 
of multiplying tens by tens, or solids representing tens by similar 
solids representing tens, may strike the minds of sotne teachers as 
somewhat incongruous, and as being a little like the paradoxical 
multiplication, occasionally propounded, of two shillii^ and six- 
pence by itself To obviate the appearance of ii»songruity in the 
present case, it may be^remarked, that, if thought advisable, the 
multiplier J in this example, may be written down in figures, as 
well on the ^ble as os the black board; for, by this time, 
the pupil will have learned enough of the nature of figurative ex- 
. pressions to know the meaning of 22 expressed in figures, as well 
as the same number represented by the solids. But, inasmuch as 
it is perfectly correct to multiply 2 by 2 abstractly, and we 
are now concerned in abetr^act operations, because 2 or any other 
number of unita..of the second order conveys to the mind an 
a65/rac^ idea, as much as the same, or any number of units, of the 
first order, and, inasmuch as the solids are the mere representee 
tives of these abstract ideas, there cannot be any thing incongru- 
ous, paradoxical, or absurd, in representing the multiplication of 
units by tens, or even tens by tens, by means of solids designed 
to illustrate operations, which are, after all, abstractions of the 
mind, derived from, or- illustrated by, external objects. 

After the multiplication of the units in the multiplicand by the 
tens in the multiplier, the 3 tens and aft;erwards the 2 hundreds in 
the multiplicand are to be multiplied by the 2 tens in the multi- 
plier. .The two products of 232, first by the 2 units, and then by 
the 2 tens in the multiplier, are added together, units to units, 
tens to tens, &>c., and the sum 5104 is the {uroduct of 232 multi- 
plied by 22. Tt will probably have been perceived by this time, 
that the Visible Numerator is no thought'saving i^yparatas ; but 
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ti»iihe^jg»9txnlimt m^ wMh it will ca^se the pu|^ to ihmk, 
and to tiiink wMk 4<icurMy iiod ple^swe; aod convey to hit 
mmi Kii^r ai4 i94eq<^te ideas of tbe meaaiog of the terms, 
which he«aes in Anthmetic. When, in the inuiiedi»tely {Hreced- 
iag ejSAiQ^le, for jjB^tfinG^, b« multiplies the 3 units of the multir 
plicund hy the H tens ^9 tl^ muItipli^r^ he does not say 4, and not 
know where to set the 4 <jl^wn, without so^n^ technical, and. U^ 
him perfectly arbitrary ^dixection to put: j|^ one remove ftrther 
toward the left; i^vA he distiwctii. recognises the fact, that the 
twice tW0, in Ihis ankiplioatid^ of units by tens, conveys to the 
mind a very dttHeent idea iram tbat'su^eit»d by ihe product of 
die 2 unid by 2 units, iyhe% itf the commenceiqeiit of this operas 
tion, he «aid twice 2 ar6'4, and aet doiln the 4 aa 4*units* 
He now peaoeives, that aiacv he i^ multiplying the Units by tens, 
die prodnict muiir'b^ tefs, and thaf 4ie '^ice* 2 here means 4 
tens, wU«h he natumily, and^n obedieh^^to the diotateaof 
common sense, puts downMinder^tiie tens of the 4irst product, and 
places the subsequenlrpiodcicts in their*pl|iper order and situation. 
The doctrine of a^Meking as mgpy cyphers af the tight hand of 
the product aS'diere ure at the* r%ht tAndAf mvltiplier, or of 
multiplicand, or of both together, pn§ b^ expUbed by multiply- 
ing 292 by 220, then 2320 by 22, laaliy 320 l^ 22Q. It wiM be 
perceived in tiie first* case^ that the ^39 is tn fact mlilci[riied by 
22 tens; in the second, that 232 tens are» multiplied by 22 units; 
and in <4he third, ihat 32 4rns are^^^tiplied by 22 tens, and .that 
henee, in eacfr pf these cdses respectij^ly, as idany eypherti must 
be tuovght down and ^^inexed to the f«educta by tUl^ figures, as 
are requisite to signify that there are no units in the unit's place, 
and no tens nor units in eadi of their places, as the case may be. 
In all these instances, as in all others, th9 pupil must inquire 
what he is multiplying, and by what h^ is nmltiplying^ and set the 
product down accordingly. ^ - 

XHmsion may be best illustrated by reversing the preceding 
operations in multiplication. Represejiting, for instance, 5104 
by means of the solids^ placed in thei^ proper order on the 
table; thus, 5 thousand, 1 hundred, and 4 units, constitut- 
ing a dividend^ and 2 tens and. 2 units (or if preferred, 
%ures may be employed) being put in convenient position to 
denote the divisor, and the operation pursued according to the 
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V principles of " Long Division" it will be fi^und thai 282 will be 
the quotient, which may be represented ai^ it rises by two solids^ 
denoting two hundreds, and three sotids,* denoting three tens; 
and two sdids, dieting two unite, demonstrating to the satisfac- 
tion' of the pnpil, that, if 5,4thous«nal, lUiundi^, and 4 units .be 
divided into "22 ^al parts, ••ach of those parts *wttl a^mount to 
two hundred}^ three tens, arid two unit;. * * ♦- * 

T4ie Compound ii^s, inbludiiig Rediiciion, may be fully ap- 
prehended by an iliustratMi ii^erlmg m^ney^of the distinctive 
principle,* which {Pervades these*-*felfes,' viz. that in borrowings 
carrying* ^tfi, we' should have^egd^d to the nMkmr oj^^umy pre* 
ceding denpnimUion, which it^iid^ %s^make one of the next 
gr^ateA\ As was pifeviouslf Vemarkiid, a part of the Visible Nu- 
merator GOiMsts of ^ set df solids illtifeiteative of farthings, pounds, 
shillings, aiid pence. ^h#f>Mnciple jusit^^te^ ta b^jjUg ascer- 
*taifle()riii. relatiooM AiSrspeciei^ofipuJI'ency, every ollsA^le will 
be Veirioved as*to the other coins, Mpsights and ;^easures, the 
taUbs of which are fofUld th most c^ oiiPl|)lthmetiGs. 

In DecimfloFr^A^tions, it wittilibe' convetilNRit to let ihe solid, 
which represents tlfes c^thotif aili^hi wh^e numb^s^ denote the 
unili then the sottd^of o^e iMl(Jred th^^sa^d will indicate the ten, 
fln^ the solij^be^e stanilBg for atboasSnd will now stand for 
one tefith,\he ne!ct iesafeftione hundredth, Ithe next for one thou- 
sandth, and thoilast fopone ten-thousandth. It will thus be seen 
Ith^t, by proceeding with th^s^lids in^ecim^hfractions, precisely 
as l\a^beeft1itrec<fcd in wh^le numbewif* *' mittaiis^utanfilis^* the 
subjects of%ume«|Etio£,taddition, subtrac%>n, multiplication, ^nd 
division, of dec9mals can- be illustrated m ^ki^^tOianner, since the 
diminution aijd the increase of value ie exactly the same. The 
pointing off* of decJimal pfaces in all these rules, whether of the 
s|im in addition,*of tl^remainder in subtraction, the product in 
multiplicajtion, and of the qttotiei|t in division, must be clearly 
seen, as soon as the*e different operations are illustrated, by 
means of' the solids, in correspondence with the ^^ttrc5 taken in 
their usual popkion. Scfch facts or prkiciples as that ,1 -multipli- 
ed by ,1 produces ,01, and tbat ,01 divided by ,1 gives a quotient 
of ,1, &c., will, of course* be taken into consideration by the per- 
son who instructs, and every illustration so made as to suit the 
age and capacity of the pupil. • , 
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The ifiasQrattoQ of every principJfi of Vul§^ I^acHans will be 
leadily accomplished by combiniiig and separating the differeot 
Bolids, as directed by th^ modes of .the Red|K^tk)n of Fractions, 
and of their ^dition^ Subtractum, Multiplication, and DiWsion. 
One illustration, 1^* way o&eRampk, wil^ abtindantly suffice to 
give the teache^ an id^ pf the manner nn which the Visible Nu- 
merator is appked to this branch of Arit^meti^. Let it . be 
required to find the vali^ of | 6f yV^-^nd it^J*!! be found tc^equal 
x\ ^^ T7* I^ ^®. ^^^ one 6f tln^ doljris which represent shillings 
fer the unit, a solid whie% 4eitotes a penny wHl represent ^, and 
three fourths «^.tlhs'y^2- will h^ ih/ei^ of tb^ $oiids s«hiGhiic^reaent , 
&rthings^ and these ii^Ji|||o«fit.to ^^^iifahe ^ii%it,. because one 
of them taAren«4@ times, will pons^ti^te ,a Mid as large«as tha4: 
which in this' instance staiMb for^he^ unit, ontif thest three quar- 
ters be ifiilKieVi*iK^le0v^y, si;ctee%^^k!i%,4j|^y^ill amount to the 
same tl^Kg. » Othei^ ^aiip4es 4^igl4, bj^giv^, for tha 4ak«» of 
iUustration*, of ^4uig.vu)gtr fr^^tions loget^er^^nd ofsdbtpact- 
ing them froim^ or ^oi^sAvltiiVlying slM jj^^iding Ihem by, each 
other, biA it ca\inot||'e nece^s^i^^ ThQsefessuftntifyi^j^rations, as 
well as the preparatoiy' psoitet ^ recfiliciug^ a series of vulgar 
fractions to a/Commcli dgHionsiingllCtl^ &^, wiH readily si^gest 
themseljFes^ the progress ,. of instrudieii. * t « -": * 

Proportim, and, as one f&tgn pf-t^s -CepsMf^ent of marthemat- 
ical science is called in the bodks,' the Rule^ of^rhree, may, in 
every ntodificatiqnr^qf itsi^^rinciplp^i^be illustrated by the Visible 
Nunerator. >^s an instMice, we shall 4ake t^ sotHis which de- 
note 10, 100, 1000,' apd 10000, and plsipe^thi^ in tiieir order as 
the first, secon^y^hi^, and fourth term of a proportion. It will 
be seen, that if the' solid denoting the fourth term* be removed 
from the table, it will be brought^ back tagaii^* by supposing 
the third multiplied by the second,* ai)^divi(ied by the first, 
as it is directed io. our teft books on arithmetic-. For if the 
solid representing 1000, be multiplied by A)r in other words taken 
as many times as there are units. in th^ solid, representing lOjO, 
the product will be represented by the solid pf 100000, and if 
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of iliese twenty i^icls is exRed a seild of ahmtdred. In the simie 
box you will ako iitid fifteen solids, loeasuring one inch etery 
way, or one cubic inclL in dimension.^ Each of these fifteen 
solids is ten times as toge 6sm%oHdiof one hundi^d, and iacalkd 
a solid of a thousand. If you put t^ of these, solids of a tkou$and 
^gether, fite in one line and five in<anotlier, they will be as lai^ 
as one of the lai^est sdlids, which you first saw on opening the 
ease, and each of which measures five inches *long, two inches 
wide, and one inch thick* Each *bf these ten largest solids is 
called 'a solid of fen thms€kd, ^The b6»^iiehich is /five mches 
long, fi?e inches d^ep, ahd^ourjniiiifiBs wid^,^ ma|jrb^ called tHe 
solid of me httnth'ed tkmshfid, ^.;<Sl!e f\9^ 15 Fi§. 1.*) Bedde 
the abo^e !&eritk>hed §oli^ thele wilt b^Tofind contained in the 
box called the solid of one hundrM ^^nsanif axhong the solids 
of a hundo^dMaaifl soliAs^of a ^houatand, eight seiids of half an inch 
•long, hajf $Q inch broad,'SBd a Mttle%8»^t1ian'half an*in^ thick. 
Eachofthdlseefght^alids'iar called a sAid^VL^arthing. You 
will also find^^h0^sai|]K$ box, /qurt^en' solMs, each of one inch 
square,' ahd of the i^ame thicktu^ss wj|h the solid of a farthing. 
One'b&theserfbarteen'silfds i^-cfflkdartle soKd'of a ;7enn^, and is 
just fourltimes ^j4tegcfms,the%solid-of-a farthhig. Ttetlvn of 
these peimy solids put together, face to face, will just equal, in 
size, one<>f die ttdenty sdid^ whieh ^re foi^d:in the case con* 
tainitig'tfa^ wliole apparatus, and each of ^ich are five incites 
long, and buie incl^squwe at the end. Each of theie twenty 
solids is called "a solid^of ^sh^Ung, If tfiiesd twenty %oli4s*be''put 
together, by laying theift ifi such a.m^ner as that the pile shall 
measure one of t|;iese jsolida, or five indiOB in length, five of them, 
or five inches wide, and iqmr of them, or four inches in thickness, 
the whole collection will be found to be of the same size as the 
box, which has been called the solid \>£ one" hundred thousand, 

_ . M ^ 

• It will be borne in nrind by the learner, that the delineations of the solids 
in the Plates are, foi* the sake of convenience} represented on a scale of one- 
fourth the dimensions of the solids themselves. Thus the delineation of the 
solid of one hundred thousand, as it appears to the eye in the Plates, is two 
and a half inches long, two and a half inches deep, and represented, in per- 
spective, as two inches wide ; which dimensions make the delineation of the 
solid just one- fourth as great as those of the solid of one thousand itselC. The 
same will be found true of the solids of the ten thousand, the thousand, the 
hundred, the ten» and the unit. 
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This box may be also called the sdtd G£9Lpou$4.si«riing. (Sqb 
Plate I. Fig. 2.*) * % . • • ^ , 

The Visible Numerator you thus fin^ to. comprise two sets of 
blocks or solids! The»set fii3st«de§aribed^ embraces the solids of a 
unit, solids of ten,, solids o^ a* huddred, sdlidsof a thousand, 
solids often thousand, ^nd the solid of one-Jkundi^fsd thousand. 
This set is intended to explain the siniple^orm,decmal*iuleB of 
Arithmetic; viz.* Simple AddUiow, , Simple Subtracttim, Simple 
MuUiplication, Simple^DwiSion, Decimdl, Fractions, and all the 
rules, to which simpk- or- fjkdmalfJV^ii^eration applied. The 
second set^cotteists*^ the soWa^of a^tferthing, solids of a«penny, 
solids of a shillihg;' and 4ll&«0lid of a^poimd., Tim «e«on(l set is 
designed to illustr^e . tb^ eojfffiDim^jruits.y The manner, in 
which betk th^ j»t8 Of solidi^ are nsod, to coiyre/to your mind 
a clear understatniiiig of the. principles, /iff AritJM|et|c^ will be 
learned i>y attendiiig to^4h»4K)lkM^ing '- « A * 

'- K . - r # ii 

.INSfR.lTCTylONS. . - ^ , 

^ , ■' '* ^ • ' . *•••*• 
Every child as soorf as he can read the figui*es in Arithmetic, 
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enough; 8ois the whde of Arithmetioi as soon as h is under* 
stood. Now, i^ order to 'underaiand Arithmetic, you must first 
know where ihepdiffifuU^ in Arithmetto* 6e^iit5, Now you wiU 
say, there is difficulty and dfbscurity sonuwHere^ in Arithmetic, 
though you cannot *itell^ th«fi exact j^lace where this difficulty at 
obseuuiy commelkc^Sw* Now I shall pdhit out t(» you the very 
9pot) where .yourftfbe^iii^ -to be puzzlei^- in -studying Arithmetic; 
and you Will see,< when I do.ppiiit 014 b you this s^t^ that the 
difficulty and obscurity 'fcomdfencestAerc.* , 

Sup{>osiiig, t^en, thaV s^^ Writing tli|» ^Ipire 3 on your slate, 
or on the black bo^rd, youHput 'J^ite ot^er ^s at^he^ skfe oC it ; 
niaking ^^ Mx SsisUK^^Hau^^ dl^8^ ^6se six 3s, thus 
written,^ meait ^thw"* ht^j^ed ^d' tkirt^f^4kree thousemd 'three 
hifidred andthiwty-fhree.^ Now JpuNsee',. ^«t ifrVis mi|ch more 
difficult 4a- r^^hesel^x 3s 9kog^erin'*4;hiB«cn|LnQer, thaiiivi) is 
;to read JwiQ^? "hy it^lf. If\yo,u*^itd^nj^ 3 o^z-at'the left* han^ of 
Ifce ^he'V^ A[|i%' 33/ 3Spu w4U,per9,eive^>^{iftt4it;1s a little more 
difficult to resl^ 4h^ two ^s as^ thirt¥rAree,'1han it is to |%ad one 
3; th^tt is Inore di£ctil^ still to. read' three '3s, 333 three 
iundt^dcmd^thig^y't^ee,»dnd so l&»y fmr four 3s, 3333; ftnd£ii« 
Sis, 333910 ;. Hikid^hmvkPi^ inCf^ea^ing the i^re 3s you write in the 
homzbnf^l position, 6r in a .straight Une from right to left, until 
you 6om.d'to 'the^^^ 3s*,; wl^jcbv ^e ir^re diflfcult to read than 
eiihet^ thirt^'tfihee, 333t three hun^rfid and thirty^hree, 3303 
three thousmi^ t^ree himdred and thirty-three ; or 33383 thirty* 
three thousaiMjhree kun^ed^and thirty^thj^e. So yo(^ sge^tbat 
the obscurity in'Arithrmtic begins where y»|r B££^in to. wfife the 
figwes in a horizqntdl*row, ' l^he future 3*,written by itself is 
understood as soon aS jt i's iseen ;*' but when several 3s are written, 
one aft^ another in a horizontal position, l(thue, for instance, 
3333,) you have to reflect a little before you can read them. . 
Now we shall make it as easy for you to read any number of 
figures written one after another, in a horizontal direction, as it 
is to read one figure written by itself. Write on your slate three 
3s ; thus, 333. Let the 3 on the right hand be called thejl^rs^ 
3 ; let the next 3 on the left of the first 3 be called the second 3, 
and let the other. 3, or last 3 on the left, be called the third 3. 
Now, you will be surprised, perhaps, if I tell you that the first 3, 
the second 3, and the third 8, mean, each, precisely the same 
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tUng. You will be still more siuprised wlieQ I.teil yoQ^that the 
first 3, the second 3^ and the third 3, mean entirely different 
things. By a little attention, however, jou will see, thftt both 
these assertions are strictly true, that is, thai each of the three 8s 
has the same meaning and alfo a diffi$reni^ meaning. Now let tts 
examine this meaning a iittle. The first Z means «three uniU, 
the second 3 mea^s three tensy and the third 3 meass three 
hundreds. Now' three hu]|dreds are no more Mree than three 
tens, and three t^ns are no more three Chan three units. The 
fiict is, that the throe units me three ^ings, and neither the three 
tens, nor the ^ree« hundreds ^re any more thao three things. 
The hundreds are three in mini6er,'tite (ens ^.re three \m nt^aber, 
and the Ainits are ^i^ m Jiuvfiter. '1^ ih,^e*this plain, ta^ 
three marbles,.'^ree'carri!s^s,^nd tbr^e Koases* Now the three 
hopses are no ^more than tJtpee tliin^,, neither, are . the three 
cari^iages more th|n threip %Blrt^^>and the tbr^'e marbles* are just^ 
three things. .Th^Pre ^i^ the' sjaf»e tmvi6'ei^ oS'/nai^hlet, c&rrj^es, 
and houses, viz. thr^ mnthles, tkree Qarria^gps^ am} thrU houses. 
So in the 333, there are 0iree units^ three t^ns, and three 
fauftdr^ds. So that the number of the*uai&, t^ns and himdrejc^ 
is precisely the same, t^iat is, e^\ of oiir thiee j^% as i4^'^eif)ects 
their number, means the same thing. Now having is^n, diat 
they mean the s^e thing, let ^s <6ef ho^ ^««i% .^^^^ ^^y J^^^ft 
differeTiJtl§. If we take ag?iin our th»Be houses, ihree carriages, 
and Ihree marbles : the three carriages vwould be wc>rih Inore, cnr 
be. more yaluqble th&n the three marbles,^' and the three houses 
would be more valuable than the three carriages ; and the three 
tens are ten times Jis vahioble a^ the thtee units, and the three 
hundreds are ten times as valuaile as the tjiree tens. The value 
of the three units^ of the three tens, and the three hundreds, 
then, are all different. We thus see, that, as it respects value, 
our three 3s mean differently/ ; while as it respects number their 
meaning is the semie,* If, then, you would clearly understand 
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three, you must cohsider each 3 as denoting the same number, 
but a differentSjalue according to the place in which it stands. 
And, if you would know how to write three hundred and thirty- 
three in Jigures instead of words, you must know how to place 
the 3s so as to mean three hundred and thirty-thr6e. This 
reading and writing of figures correctly, is what is called 

NUMERATION. 

In order to understand Ifumeration, you must write six ones in 
a horizontal row, thus 111111 ; we generally begin with the one 
at the right and say units, calling the second one from the right 
tens ; the third hundreds ; the fourth thousands ; the fifth tens of 
thousands, and the sixth hundreds of thousands. To commit 
this to memory is what is commonly called learning the Numera' 
tion Table ; now let us see what this units, tens, hundreds, 
thousands, tens of thousands, hundreds of thousands mbanS. 
Each one of these Is means one and no more than one. The 
first 1 at the right means one unit ; the second 1 fi-om the right 
means one fen ; the third 1 from the right means owe Awnc^rc^; 
the fourth 1 from the right means one thousand ; the fifth 1 from 
the right means one ten thousand ; the sixth 1, or the 1 on the 
left means one hundred thousand. Let us call the 1 on the right, 
ih^ first 1 ; the next 1 to the left, the second 1 ; the next towards 
the left, the third 1 ; the next 1 to the left, ihe fourth 1 ; the next 
towards the left, the fifth 1 ; and the 1 on the left, the sixth 1.* 
What I wish you clearly to understand is this; viz. that the 
second 1 means ten times as much as the first 1 ; that the third 
1 means ten times as much as the second 1 ; that the fourth 1 
means ten times as much as the third 1 ; that the fifth 1 means 
ten times as much as the fourth 1 ; and that the sixth 1 means 
ten times as much as the fifth 1 ; that is^ that each 1 which 
follows towards the left, means ten times as much as the 1 which 
goes before towards the right. To obtain a clear idea of all this, 
write the six Is on a paper, slate, or black board, as you see them 
written in Plate II. Figure 1. Then place on a table, or desk, 

* These Is are sometimes called, beginning at the right, the first order of 
units j the second order of units, the third order of units, the fourth order of 
units, the fifth order of units, and the sixth order of units. 
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before you, one of the solids of a unit, and it will represent the 
first 1, or one unit ; a short distance to the left of this solid of a 
unit, place a solid often, and it will represent the second 1, or 
one ten ;* to the left of this, place a solid of a hundred, and it 
will represent the third 1, or one hundred ; to the left of this, 
place a solid of a thousand, and it will represent the fourt]i 1, or 
one thousand ; to the left of this, place a solid of ten thousand, 
and it will represent the fifth 1, or one ten thousand ; to the left 
of this, place the solid of one hundred thousand, and it will 
represent the sixth 1, or one hundred thousand. (You will see 
figures of these solids drawn under the Is in Plate II. Fig. 1.) 
We thus have the meaning of units, tens, hundreds, thousands, 
tens of thousands, hundreds cff thousands, represented by the six 
solids, viz. of a unit, often, of a hundred, of a thousand, of a ten 
thousand, and of a hundred thousand. Now ten units make one 
ten, ten tens make one hundred, ten hundreds make one thousand, 
ten thousands make one ten thousand, ten ten thousands make 
one hundred thousand: and if you put together ten solids 
of a unit, they will together be equal to one solid of ten ; 
and, in the same way, you will find ten solids of ten to be 
equal to one solid of a hundred ; ten solids of a hundred equal 
to one solid of a thousand ^ ten solids of a thousand equal to 
one solid of ten thousand ; and ten solids of ten thousand equal 
to the solid of one hundred thousand. The solid of a hundred 
thousand, then, is a hundred thousand times as large as the solid 
of a unit ; and if we call the solid of a unit, one unit, the solid of 
one hundred thousand will be a hundred thousand units ; if we 
call the solid of a unit one apple, the solid of a hundred thou- 
sand will be a hundred thousand apples ; if we call the solid of a 
unit one million, the solid of a hundred thousand will be a 
hundred thousand millions ; if we call the solid of a unit one 
billion, the solid of a hundred thousand will be a hundred thou- 
sand billions ; if we call the solid of a unit one trillion, the solid 
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through quintillions, sextillions, septillions, octillions, nonillions, 
decillions, and as far as we please. Whatever we call the small- 
est of the six solids, the largest solid will represent a hundred 
thousand times as many ; so you see that every thing is either 
hundreds of thousands, or tens of thousands, or thousands, or 
hundreds, or tens, or units, of whatever you call the solid of a 
unit ; whether it be a unit^ or a million, or a billion, or a trillion, 
or a quadrillion, or a quintillion, or any thing else. If you \yrite 
six Is on your slate horizontally, thus 111111, and begin to 
numerate at the right hand, you will have first a unit, secondly 
a ten, thirdly a hundred, fourthly a thousand, fifthly a ten thou- 
sand, and sixthly a hundred thousand. All the six Is make what 
is called a Period in Numeration, and fill six places. Now 
write twelve Is in the same manner you did the six Is, thus 
lllltlllllll. Begin at the 4-ight and numerate unit, ten, 
hundred, thousand, ten thousand, hundred thousand. You have 
now numerated six places, or one period ; — you may then put 
a comma after the sixth place and the twelve Is will appear thus, 
111111,111111; then we have numerated and separated the 
period of units; the first 1 after the comma is a unit again ; but 
it is a unit of a million ; the next 1 is ten, but ten of a million ; 
the next 1 is a hundred, but a hundred of a million ; the third I 
is a thousand, but a thousand of a million ; the next 1 is ten 
thousand, but a ten thousand of a million ; the next 1 is a hundred 
thousand, but a hundred thousand of a million. You thus com- 
plete the second period, or million's period. If you should still 
write Is to the left, after completing the million's period, the first 1 
would be a unit of billions, and so on as in the two periods already 
written. After completing the period for billions, you would 
begin again with units of trillions, &c. You see by this time, 
that, in Numerating, the first place of every period is the itnifs 
place ; the second, the ten's place ; the third, the hundred's 
place ; the fourth, the thousand's place ; the fifth, the tens of 
thousands place ; and the sixth, the hundreds of thousand's 
place. — To make the mind perfectly familiar with the subject of 
Numeration, we will propose some examples both in the writing 
and reading of numbers. And first, we will fix upon the proper 
method of writing numbers'.> Let it be proposed to write, in 
figures, the number, two hundred and fifty-three. In two 
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place the 2 solids of a hundred at the left hand of the 5 solids of 
ten^ and write the figure 2 on the left hand of the 5 accordingly, 
as you see in Plate II. Figure 6. Thus we have 2 hundreds, 
5 tens, and 3 units represented by the solids, and the number two 
hundred and ffty-three set down in figures. The figures 2, 3, 
and 5, written thus, 253, are. a true copy of ihe idea of two 
hundred and fifty-three. Now, you may place, at the right, 
the 2 solids of a hundred, (that is, begin with the largest 
sdids first, instead of the smallest, as we did before,) then 
the 5 solids of ten at the left of the 2 solids of a hundred, 
and, lastly, the 3 solids of a unit at the left ofall. You may, 
likewise, arrange the figures 2, 3, and 5, on your slate, in the 
same order in which the solids are placed on the table, as you 
see in Plate IL Figure 7. The figures 2, 3, and 5 placed as 
they are in Figure 7 of Plate II. answer equally as well to 
express the idea of two hundred and fifty-three, as the 2, 3, and 
5, written as they are in Figure 6 of the same Plate ; because 
the expression '^ 3 units, 5 tens, and 2 hundreds " conveys to the 
mind tl)e same idea, which the expression " 2 hundreds, 5 tens^ 
and 3 units " does. ' The order, in which the hundreds, tens, 
and units are mentioned, is not material. The only reason why 
we write the units at the right hand, then the tens at the left of 
the units, and then the hundreds at the left of the tens, is, because 
it is cuitomary ; that is, mankind have agreed to do so. In a 
similar manner, we say, " two dollars and fifty cents,'* and not 
** fifty cents and two dollars.'* But it is easy to see, that it 
would be just as proper to say ** fifty cents and two dollars,*' as 
it is to say " two doUars and fifty cents," if custom had author- 
ized it. You understand, then, that the order, in which the 
figures are written, depends entirely upon custom, and, that if the 
common consent of mankind had sanctk>ned such a mode of 
writing numbers, it would be just as correct, to begin to write 
numbers, by writing the figure of the greatest value first, and 
then proceeding with those of the less value towards the left, 
as in Figure 7, Plate II. ; or, as in Plate II. Figure 8, by 
writing them one under the othe^ in a vertical direction; or, as 
in Plate II. Figure 9, by writing them slcmtwise or obliquely, 
or in any other direction, even in the confused manner, in which 
the figure 2, 3, and 5 are written in Plate II. Figure 3. ; as it 
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now 15, in consequence of the agreement of mankind, to write 
numbers in the manner illustrated in Plate II. Figure 6, that 
is, by writing units first at the right hand, then towards the left 
tens, hundreds, thousands, and so on. 

You may now arrange the solids as they are represented in 
Plate II. Figure 10, and then take away the 5 solids often, and 
let the other solids remain as in Plate II. Figure 11. We have 
remaining, as you see, 3 solids of a unit, and 2 solids of a 
hundred, representing 3 units and 2 hundreds. Supposing that 
we proceed to make a copy of this 3 units and 2 hundreds, by 
writing the units first, then the hundreds, as in Plate III. Figure 
1, we should have, not two hundred and three, but twenty-three; 
and yet we began our copy of the number, by writing the units 
at the right and proceeding with the figures of greater value 
towards the left, as we did in writing the two hundred and fifty' 
three in our last example. In writing the two hundred and fifty- 
three, we ask ourselves. In two hundred and fifty three, how many 
units ?* the answer is three ; we then write the figure 3 ; we 
then ask ourselves. In two hundred and fifty^three, how many 
tens ? the answer being five^ we write the figure 5 at the left 
hand of the 3 ; we inquire, lastly, In two hundred and fifty-three, 
how many hundreds? The answer being two^ we write the 
figure 2 at the left hand of the 5 ; and we have our two hundred 
and fifty-three expressed in figures, thus, 253. — Now in writing 
the two hundreds and three units, or two hundred and three, as 
it is customary to express 'it, we inquire. In two hundred and 
three, how many units ? the answer being three^ we write down 
the figure 3. And then ask, not how many hundreds in two 
hundred and three ? but In two hundred and three, how many 
tens 7 the answer is none ; we then write none or a zero to the 
left hand of one 3 as in Plate III. Figure 3, to signify no tens; 
and we have copied no tens and 3 units. We then ask ourselves, 
lastly, In two hundred and three, how many hundreds? the 
answer being two, we put a figure 2 at the left hand of the cypher 
as in Plate III. Figure 3. We thus have, two hundred and 
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we wish to write a number^ it is necessary to < inquire what 
there is to he written in every place, as we proceed from 
right to left ; and to put a figure or a cypher, accordingly as 
there is any thing or nothing to be written in each place. We 
will now propose several other examples of numbers, to be written 
m figures. Let it be required to write in figureSj/bwr thousand and 
fifty. The first inquiry is, In four thousand and fifty, how many 
units ? The answer is, none. We therefore write a cypher to 
signify no units. The next enquiry is, In four thousand and 
fifty, how many tens ? The answer \sfive, and we write a figure 
5 at the left hand of the cypher, which is in the unit's place. 
We next inquire. In four thousand and fifty, how man hundreds ? 
The answer is none, and we put a cypher at the left hand of the 
5, which is in the ten's place. We then inquire, In four thou- 
sand and fifty, how many thousand 1 The answer is four, and 
we write a figure 4 at the left hand of the cypher, which is in 
the hundred's place. We now have, as you see, in Plate III. 
Figure 4, the four thousand and fifty, expressed in figures, 
thus, 4050. 

Let our next number to be written in figures, be one hundred 
*and six thousand two hundred and four. First, then. In one 
hundred and six thousand two hundred and four, how many 
units 1 The answer is four. Write the figure 4 in the unit's 
place. Next, In one hundred and six thousand two hundred and 
four, how many tens? The answer is nowc; put a cypher, 
therefore, in the ten's place. Again, In one hundred and six 
thousand two hundred and four, how many -hundreds? The 
answer is two ; put a 2, therefore, in the hundred's place. Again, 
In one hundred and six thousand two hundred and four, how 
many thousands ? The answer is six ; then place a 6 in the 
thousand's place. «Again, In one hundred and six thousand two 
hundred and four, how many ten thousands ? The answer is 
none. Put a cypher, therefore, in the tens of thousand's place. 
Lastly, In one hundred and six thousand two hundred and four, 
how many hundreds of thousands? The answer is one. Put 1 
in the hundreds of thousand's place. We then have, as in Plate 
III. Figure 5, the number one hundred and six thousand two 
hundred and four, expressed in figures; thus, 106204. 

You may now represent the last two numbers, which we have 
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written^ by the solids. See Plate III. Figures 6 and 7. In 
Figure 6 of Plate III. you see the number four thousand and 
fifty written in the figures 4050. Below the figures are five 
4Solids often, and at their lefl ibilr solids of a thousand, represent- 
itig four thousand and fifly. In Figure -7 of Plate III. you see 
the number one hundred and six* thousand two hundred and 
fi>ur, written also in the figures 106204. Below these figures you 
6ee delineated one solid of a hundred thousand, six solids of a 
thousand, two solids of a hundred, and four solids of a unit ; 
placed in an order similar to that of the figures. These solids 
represent, as you see, one hundred and six thousand two hundred 
and four. 

W^e will now give one more number to be written in figures. 
Let then this number be fifty-five billions and eleven. There is 
. in this number, one unit, one ten, no hundreds, no thousands, no 
tens of thousands, no hundreds of thousands, for the unifs period; 
which is thus filled up, 000011; and neither units, tens, hun* 
dreds, thousands, tens of thousands, nor hundreds of thousand, in 
the million^ s period; the places of which must, of course, be 
filled with zeros or cyphers, thus 000000; and there are five 
units and five tens in the billion's period, which will be 55. No^ 
we must put the unit's period first, then at the lefl; of the unit's 
period, place the million's period, and lastly the billion's period at 
the lefl of all, thus 55,000000,00001 1 ; all which may be read, five 
tens of billions, five units of billions, roo hundreds of thousands of 
millions, no |ens of thousands of millions, no thousands of 
millions, no hundreds of millions, no tens of millions, no units of 
millions, no hundreds of thousands of units, no tens of thousands 
of units, no thousands of units, no hundreds of units, one ten of 
units, and one unit of units. All this, in reading, is usually 
shortened and xe?A, fifty fi.ve billions and eleven. You will, now, 
I think, have no difficulty in writing any other number you 
please.* 

We will now give a few numbers expressed in figures to be read 

in words. 1st. Read in words the figures 507. Now we know, 

• that the first or right hand place in every period is the unit's place ; 

• The pupil can represent by the solids, and express other numbers in 
figures, at pleasure. He will find no difficulty in doing this, after the minute 
insti'uctions which have been given on this subject. 
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that the second place or next to the left hand is the ten's place ; 
that the third place is the hundred's place ; the fourth place is 
the thousand's place ; that the fifth place is the tens of thousand's 
place, and that the sixth place is the hundreds of thousand's 
place ; and we also know, that, when there is no more than one 
period to be read, that period must be the unit's period. In this 
number, 507, the 5 being in the third j^ace of the period means 
five hundreds ; the being the second place means no tens, and 
the 7 being in the first place means 7 units, and there being no 
more than one period in the number, the figures 607 mean five 
hundred of units, no tens of units, and seven units of units^ or 
five hundred and seven units, which we call, in ordinary language, 
five hundred and seven ; for when, in reading figures, we do not 
mention the period to which they belong, we take it for granted, " 
that the unit's period is meant. Thus if we say two hundred and 
forty-six, we understand that two hundred and forty-six units is 
intended, and not two hundred and forty-six millions, nor two 
hundred and forty-six of any other period than unit's period. Let 
us now propose to be read, another number expressed in figures. 
Let this number be 120490. You may illustrate this number 
with the solids. See Plate IV. Figure 1. You may write the 
120490 on your slate, and then put on your table, as you see 
described in the plate, one solid of a hundred thousand, two 
solids often thousand, four solids of a hundred, and nine solids 
of ten. You will, then, have one hundred thousand, two ten 
thousands, or twenty thousand, four hundreds, and nine tens : 
That is, as read in the customary language, one hundred and 
twenty thousand four hundred and ninety. Let us read one more 
number expressed in figures, viz. 107854960392547984. When 
you have a large number like this to be read, it will be well 
to divide it into periods. To do this, we must count off in 
the first place six places from the right, and put a comma or some 
other mark before the sixth place, and these six places will con- 
stitute the unites period. In the present example the unit's period 
will consist of the figures 547984 ; next to these six figures, count 
off the million's period and it will consist of the figures 960392, 
and put a comma before the 9 ; then count off the billion's period 
which will consist of the figures 107854 ; the whole number, thus 
separated, into periods, will stand thus, 107854,960392,547984. 

5 
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There will now be no difficulty in reading it; for the figures in 
the third period will be, one hundred and seven thousand eight 
hundred and fifty-four billions ; the second period will be, nine 
hundred and sixty thousand three hundred and ninety-two 
MILLIONS ; and the first period will be five hundred and forty- 
seven thousand nine hundred and eighty-four units; and the 
whole will be read, one hundred and seven thousand eight 
liundred and fifty-four billions^ nine hundred and sixty thousand, 
three hundred and ninety-two millions, five hundred and forty- 
seven thousand nine hundred and eighty-four. 

You may read other examples, and express them by the solids 
at pleasure. A very little practice in this way will render Nth 
meration both familiar and entertaining. 

After having obtained an adequate knowledge of the mode of 
writing and reading numbers, as expressed by figures, the next 
step is to acquire the art of putting numbers together. Numbers 
are put together in two different ways. The first mode of putting 
numbers together is called Addition, and tl^e second Multipli- 
cation, We shall first give you an idea of 

ADDITION. 



If you were required to add together S units and 4 units, it i& 
plain that the sum would be 7 units, or 7. But supposing you 
were required to add 7 units and 5 units together, you might write 
7 and then 5 immediately under it, and say 5 and 7 make 12. 
To understand clearly how this is done, see Plate IV. Fjgure 4. 
Ailer placing the 7 on the slate, you may write the 5 under it, 
and draw a line under them both. Now put on the table 7 solids of 
a unit, and 5 solids of a unit under the 7 solids of a unit ; and these 
solids will represent the 7 units and the 5 units. Then counting 
the 7 solids of a unit with the 5 solids of a unit, the whole will 
amount to 12 solids of a unit. To represent these 12 solids of 
units, put on your table 1 solid of ten fo^ ten of the units, and 2 
solids of a unit. You thus have represented by the solids 1 ten 
and 2 units which is the same thing as 12 units, or the sum of 
7 units and 5 units ; and it is more convenient to represent this 
sum, 12 units, by one solid of ten and two solids of a unit, than 
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it would be to count off 12 solids of a unit for that purpose. Yott 
may now add 56 units or fifty -six^ to 3 units or three. You will 
see this operation illustrated in Plate V. Figure 1, in which the 
numbers 56 and 3 are written, and then represent the 56 by 5 
solids of ten and 6 solids of a unit, and the 3 by 3 solids of a 
unit, placed, for the sake of convenience, directly under the 6 
solids of a unit. If they are added together, they amount to 59, 
or as represented by the solids, to 5 solids of ten and 9 solids of a 
unit. You may now add together 253 and 61. The way in 
which Addition is commonly directed to be done in the books on 
Arithmetic is, to put the units under units, tens under tens, and 

253 
61 
draw a line underneath them, thus then beginning with* 

314 
the figures at the right, we are told to say, 3 and 1 make 4, which 
we set down under the figures we add ; then 5 and 6 are 11, and 
set down one of the Is and say 2 and " one to carry " make 3 ; 
and the sum of the 253 and 61 is thus found to be 314. Now we 
wish to know the reason why we " carry one," and to make the 
whole process perfectly plain and rational, we will take 3 solids of 
a unit, 5 solids of a ten, and 2 solids of a hundred for the 253, and 
arrange them according to the order of the figures. See Plate 
IV. Figure 2. We will also take 6 solids of ten and 1 solid of a 
unit for the 61, and arrange them in a similar manner. Now 
the object of the operation is, to add the 2 hundreds, 5 tens and 

3 units to the 6 tens and 1 unit, and find what they all amount 
to when added together. We will add the units in the 253 to 
the units in the 61 ; the tens in the 253 to the tens in the 61 ; 
and join to them the hundreds in the 253, and we shall thus 
ascertain the amount or sum of the 253 and the 61. If, then, we 
add the 3 units in the 253 to the 1 unit in the 61, there will be 

4 units, and you may place 4 solids of a unit on the table as you 
see in Plate IV. Figure 2. Then we find 5 tens in the 253, and 
6 tens in the 61, which make 11 tens in both these numbers. 
We might now place 11 solids often on the table for the sum of 
these 5 tens and 6 tens. But it will be better to put one solid of 

. a hundred, which will be equal to ten solids of ten ; and one solid 
of ten which will make 11 tens; for it is more convenient Ux 
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express the sum of our 5 tens and 6 tens by one solid of a 
hundred, or ten tens, and one solid of ten, than it would be to 
count off 11 solids often for that purpose ; for we thus express 
the same by two solids, that we should by 11 solids, as you see 
in the Figure 2, Plate IV. We have now added the units in the 
253 to the unit in the 61 ; and the tens in the 253 to the tens in 
the 61 ; making 11 tens and 4 units, or, which is the same thing, 
one hundred and one ten. Now if you place on the table two 
solids of a hundred for the two hundred in the 253, with the one 
hundred and one ten and four units, as you see represented in 
Figure 2 of Plate IV.; you will have, for the whole sum of 253 
and 61, two solids of a hundred, and one solid of a hundred, and 
one solid of ten, and four solids of a unit. Now what is meant by 
'** carrtfing " in the rules which you find in the " Arithmetics" 
is nothing more than taking the solid of one hundred, which you 
have put by the side of the solid of one ten in order to express the 
sum of the 5 tens in the 253 and the 6 tens in the 61, and putting 
it among f or together with, the two solids of a hundred, which you 
have placed on the table to signify the two hundreds in the 253. 
This you see is done in Plate IV. Figure 3. You may then say 
two hundred and " one to carry " is three hundred, taking up 
this solid of a hundred and " carrying " it to, or putting it with, 
the two solids of a hundred. So you see, that the 3 sdids of 
a hundred, one solid of ten, and the four solids of a unit, ii) 
Figure 3 of Plate IV., ai-e the same thing as the two solids of a 
hundred, and one solid of a hundred, and one solid of ten, and 
four solids of a unit, in Plate IV. Figure 2. We have thus 
tarried " one for every ten/* because, the one solid of a hundred, 
which, with the solid of ten, in Plate IV. Figure 2, represents 
the sum of the 5 tens in the 253 and the 6 tens in the 61, and 
which we carry to the two solids of a hundred, is equal to ten 
solids of ten, which we might have counted off, had it been 
equally convenient, with the one ten to make 11 tens, instead of 
which 11 solids of ten, you placed on the table one solid of a 
hundred and one solid of ten to answer the same purpose. You 
fiee, then, that the sum of the 253 and 61 is 3 hundreds, 1 ten, 
and 4 units, or the same as is expressed by the figures 314, or 
i&ree hundred and fourteen. 
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[We will hereafter, for the sake of convenience, call the sdid 
of a unit, a unit, the solid of ten, a ten, the solid of a hundred, a 
hundred, the solid of a thousand, a thousand, the solid of ten 
thousand, a ten thousand, the solid of a hundred thousand, a 
hundred thousand.] Let us take another example in Addition, 
Add together 6352, 5648, and 30. You will have no difficulty 
in expressing these numbers by the solids, as well as in figures, 
as you see them delineated in Plate V. Figure 2. You add the 
8 units to the 2 units and it will make 1 ten, which you " carry " 
to the ten's place ; then you add the 3 tens to the 4 tens and it 
will make 7 tens, and these 7 tens added to the' 5 tens will make 

12 tens, and 1 ten you " carry " from the unit's place will make 

13 tens, or 1 hundred and 3 tens, you put down the 3 tens in the 
ten's place and " carry " the i hundred to the hundred's place. 
Then the 6 hundreds and the 3 hundreds make 9 hundreds, and 
I hundred we carry from the ten's place is 10 hundreds, or 1 
thousand, which we carry to the thousand's place. Lastly, the 
5 thousands added to the 6 thousands make 11 thousands, and 
the 1 thousand, which we carry from the hundred's place make 
12 thousand, or 1 ten thousand and 2 thousand. We then have 
for the sum of the numbers 6352, 5648, and 30, 1 ten thousand, 
S thousands, no hundreds, 3 tens, and no units, or 12030, which 
figures are read, twelve thousand and thirty. 

If you look at the numbers which I have given you to add 
together, you will perceive that these numbers are all different 
from each other. Thus the 3 units and the 4 units, which you 
were required, on page 34, to add together, are not the same. 
Nor are the 7 units and the 5 units, which are added together in 
Plate IV. Figure 4. The same may be said of the 56 and 3 in 
Plate V. Figure 1 ; of the 253 and 61 in Plate IV. Figures 2 and 
3; and likewise of the 6352, the 5648, and the 30 in Plate V. 
Figure 2. Now if we are required to put together numbers which 
are alike, as, for instance, to add 5 and 5 and 5 and 5 together, 
we should not say 5 and 5 make 10 and 5 make 15 and 5 make 
20 : but in order to perform the operation in a shorter way, should 
say 4 times 5 are 20, which amounts to the same thing. If, 
indeed, we said 5 and 5 make 10 and 5 make 15 and 5 make 20, 
we should put these four 5s together by ADDiTioN,'which is one 
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mode of putting numbers together ; but if we say four times 5 
are 20, we put these four 5s together by 

MULTIPLICATION. 

Multiplication is the other mode of putting numbers together. 
You will see in Plate V. Figure 3, the four 5s put togetl;ier by 
Addition. - Now if you set down a 5 on your slate and under it 
write a 4, or the number of 5s you wish to put together, and say 4 
times 5 is 20, and set down the 20 beneath the line drawn under* 
the 4, you multiply 5 by 4, or take the bfour times. This tnul' 
tiplying one number by another, or taking a number a certain 
number of times, is what is called Multiplication. You will 
see four 5s put together by Multiplication in Plate V. Figure 4. 
You see, that in the putting together of the four 5s by Addition^ 
in Plate V. Figure 3, we make no less than six figures, while in 
putting together the four 5s by Multiplication^ in Plate V. Figure 
4, we make only ybwr figures; so that by using Multiplication^ 
which we can always do when the numbers to be put together 
are alike^ the operation is shorter than the mode of putting 
together numbers by Addition, If we had, for instance, to put. 
together the numbers 7, 5, 8, 4 and 6, we could not use Multi- 
plication because these numbers are not alike ; but if we had 
five 7s, or five 5s, or five 8s, or five 4s, or five 6s, to put together, 
we should employ Multiplication because it is shorter than Addi" 
tionA 



* It is sometimes the practice id MultiplicaHon, to write the number to 
be multiplied, which is called the multiplicatid, and the number by which 
you multiply, called the multiplier, in a horizontal position, with an oblique 
cross between them ; thus 5X4; and afterwards the resvit of the multipli- 
cation, which result is called the produ^t^ preceded by two horizontal lines, 
=, which means equal to; thus 5X4=20; thai is, 5 multiplied by 4 is 
equal to 20. Also in Addition, particularly when the numbers are small, we 
place the numbers to be added, in a horizontal position with an upright cross 
between them, thus 5-4-6-|-4-|-8, with the sign of equality between the last 
number and the sum, thus 5-f-6-f4-|-8=23 ; that is, 5 added to 6 added to 4 
added to 8 are equal to 23. 

f It is said in some of the treatises on Arithmetic, of deservedly high repu- 
tation, that Multiplication is the same thing as Addition ; but is it not better 
to consider Addition and Multiplication as they are regarded in these 
Instructions, as different modes of doing the smne thing, that is, o{ putting 
numbers together. 
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Let it be required to multiply 256 by 4, that is, to find what 
two hundreds, five tens, and six units amount to, when multiplied 
by four units. It will be better to write on the slate the 256 
with the 4 under the 6 in the 256, and to place the solids which 
represent the 256 on the table, as you see in Plate V. Figure 5. 
Now we say, in the first place, 4 times 6 are 24 ; but 24 what 1 
24 units, or 24 tens, or 24 what 1 If you should say 24 units, 
which is the right answer, I ask why 24 units, rather than 24 of 
anything elset To see clearly the reason why the 6 units 
multiplied by 4 units produce 24 units, we must consider, that 1 
unit multiplied by 1 unit produces one unit ; that 1 unit multi* 
plied by 2 units produce 2 units ; that 2 units multiplied by 2 
units produce 4 units ; and that, universally, units multiplied by 
units produce units. Therefore, the 6 units multiplied by the 4 
units will make 24 units ; because, if units be multiplied by unit* 
the product will be units. Now instead of counting off 24 unit 
solids to represent the product of 6 units by 4 units^ you may 
place on the table two solids of ten with four solids of a unit ; 
and we shall have 2 tens and 4 units. We put down the 4 units, 
and " carry ^^ the 2 tens to the teii's place. We then say, 4 
times 5 are twenty; but 20 what? To answer this question, 
understandingly, we must consider that 1 ten multiplied by 1 
unit produces 1 ten ; that I ten multiplied by 2 units produces 
twenty, or two tens ; that 2 tens multiplied by 2 units produces 
4 tens; and that, universally, tens multiplied by units produce 
tens. The 5 tens multiplied by the 4 units, then, produce 20 
tens ; because, if tens be multiplied by units, the product will be 
tens. These 20 tens increased by the two tens which we 
" carry " from the ten's place, will make 22 tens, or two hundred 
and 2 tens. We set down the two tens and " carry " the 2 
hundreds to the hundred's place. We then say, 4 times 2 make 
8 ; but 8 what ? To answer this, we must consider, that, if we 
multiply 1 hundred by 1 unit the product will be 1 hundred ; 
that 1 hundred multiplied by 2 units will produce 2 hundreds ; 
that 2 hundreds multiplied by 2 units will produce 4 hundreds ; 
and, universally, hundreds multiplied by units will produce hun- 
dreds. The 2 hundreds multiplied by the 4 units, then, will 
make 8 hundreds ; because, if hundreds be multiplied by units 
the product will be hundreds. Then 8 hundreds added to the 
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2 hundreds^ carried from the ten's place, will make 10 hundreds ; 
which will be most conveniently expressed by writing down a 
in the hundred's place to signify no hundreds, and putting 1 in 
the thousand's place to signify 1 thousand, or represented in the 
solids by placing on the table a solid of a thousand to represent 
1 thousand. If, then, we multiply 256 by 4, the product will be 
1 thousand, no hundreds, 2 tens and 4 units, or 1024, which is 
read one thousand and twenty-four. 

Take another example in Multiplication. Multiply 232 by 
522.* We are required in this example to multiply 2 iiundreds 

3 tens and 2 units by 2 tens and 2 units. It will, perhaps, be 
convenient, to write down on the slate the 232, and to place the 
22 under the right hand figures of the 232. We are then 
directed by the rule in the Arithmetic, to say twice 2 is 4, twice 
3 is 6, and twice 2 is 4, setting the product of the 232 by the 
first 2 in the 22, as this product arises, thus, 232 and then 

22 

464 

to multiply the 232 by the second 2 in the 22, saying twice 2 is 
4, and to place this 4 directly under the 2 by which you are multi- 
plying ; then to say twice 3 is 6, twice 2 is 4, and to place them 
down accordingly, thus, 232 Afler these products are obtained 
22 

464 
464 



we are directed by the rule, " to add them up as they stand;'* if 
this be done, the whole operation will stand thus, 232 

22 

464 
464 



5104 
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And 5104 is th6 whole product of 232 multiplied by 22. Now 
every, thing about this operation appears plain, except the reason 
why we remove the right hand figure of the product by the second 
figure of the 22, one place further towards the lefl. If we say, 
that this removal is made, " because the right hand figure of each 
product must stand directly under that figure of the multiplier 
by which you multiply*^ we offer no satisfactory reason. We, 
therefore, insist on knowing why it is, that the first 4 in the 
second product in this example, is put under the 6, and not under 
the 4 in the first product, tlius, 232 

22 



464 
464 



Neither indeed do we assign an adequate reason for this removal 
of the right hand figure of the second product one place towards 
the left, by saying, that in muhiplying by the left hand 2 in the 
22, we multiply by tens. Let us see, then, what the true reason 
is for such a step. For this purpose, you may write the figures 
while the example is being illustrated by the solids.* • 

In Plate VI. Figure 1, we have the whole operation of multi- 
plying 232 by 22 written down in figures ; and also illustrated by 
the solids. By attending to the solids, you see that we have two 
hundreds, three tens, and two units, represented as multiplied by 
the two tens and two units. In this representation of the solid 
we begin with the 2 units, and say twice 2 are four nnits^ because 
we multiply units by units ; that is, the 2 units in the 232 by 
the 2 units in the 22, and we have before seen, that, if units be 
multiplied by units the products will be units; Page 39. We 
put down then the 4 units, and saT twice 3 make 6, and 6 tens, 
because we multiply tens by units. Placipg down the 6 tens, we 
say twice 2 are 4, and 4 hundreds, because we multiply hundreds 
by units. We have thus obtained the product of 2 hundreds, 3 

* It will be best, whether we use (he slate or the black board, to copy 
with the figures simultaneously with illustrating the operations, and the 
principles on which they depend, by means of the solids. The pupil will thus 
pursue the most effectual course to acquire a competent knowledge, and a 
rational idea of the import of figures, and the meaning of their language. 
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we must consider, that if we multiply 1 hundred by 1 ten, the 
product will be 1 thousand ; that, if we multiply 1 hundred by 
2 tens, the product will be 2 thousands ; that, if we muhiply 2 
hundreds by 2 tens, the product will be 4 thousands ; and, that, 
universally, if we multiply hundreds hy tens, the product mil be 
thousands. Our 4, then, will be 4 thousands, because we multi- 
ply hundreds by tens. We put down the 4 thousands, and thus 
complete the product of the 232 by the 2 tens in the 22. and 
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observed, that when we have one number to be multiplied by 
another, we call the number which we multiply, the muUipli" 
cand; the number by whicB we multiply, the multiplier ; and the 
number which is produced by the multiplication, the product. 
Thus if we multiply the number 232 by 22, the multiplication 
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Yoa may, now, set down your multiplicand and multiplier on 
the slate, and perform the illustration by means of the solids. 
See Plate VII. You put down, then, the 2 hundreds and 3 tens 
and 2 units, for the multiplicand, and the 2 hundreds and 2 tens, 
for the multiplier. Begin the multiplication by saying twice 2 
are 4 ; and this 4 will be 4 tens, because you multiply units by tens : 
Page 42. Then twice 3 are 6 ; and this six will be 6 hundreds, 
because you multiply tens by tens. Then twice 2 make 4 ; and 
this 4 will be 4 thousand, because you multiply hundreds by tens. 
You have now 4 thousands 6 hundreds and 4 tens, for i\iQ first 
product, or the product of 232 by th^ 2 tens in the 220. We 
now multiply the multiplicand by the 2 hundreds in the 220, and 
say twice 2 make 4 ; but 4 what ? To determine this, we must 
consider, that if we multiply 1 unit by 1 hundred, the product 
will be 1 hundred ; that, if we multiply 1 unit by 2 hundreds, the 
product will be 2 hundreds ; that, if we multiply 2 units by 2 
hundreds, the product will be 4 hundreds ; and, that, universally, 
if we multiply tinits by hundreds, the product will be hundreds. 
The 4, therefore, will be 4 hundreds, becaus^ we multiply units 
by^ hundreds. We, then, say twice 3 will be 6 ; but 6 what 1 
To ascertain this, we must consider^i that, if we multiply 1 ten by 
1 hundred, the product will be 1 thousand ? that, if we multiply 
1 ten by 2 hundreds, the product will be 2 thousand ; that, if we 
multiply 2 tens by 2 hundreds, the product will be 4 thousands ; 
and, that, universally, if we multiply tens by hundreds, the 
product unll be thousands. Our 6, therefore, is 6 thousands. 
We, then, say twice 2 are 4 ; but 4 what ? To decide this, we 
must consider, that, if we multiply 1 hundred by 1 hundred, the 
product will be 1 ten thousand ; that, if we multiply 1 hundred 
by 2 hundreds, the product will be 2 ten thousands ; that, if we 
multiply 2 hundreds by 2 hundreds, the product will be 4 ten 
thousands ; and, that, universally, if we multiply hundreds by 
hundreds, the product will be ten thousands. Our 4, therefore^ 
will be 4 ten thousands. You have now 4 ten thousands 6 thou** 
sands and 4 hundreds, for the second product, or the product of 
the 232 by the 2 hundreds in the 220. We will add the first 
and second products together, in order to obtain the whole 
product of 232 by 220. And, first, we have 4 tens; then, 4 
hundreds and 6 hundreds make 10 hundreds, for which we. sub- 
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stitute i thousand to b^ carried to the thousand's place ; then, 6 
thousands and 4 thousands make 10 thousands and 1 thousand 
we carry from the hundred's place, makes II thousands. For 
10 of these thousands, we substitute 1 ten thousand to carry to 
the ten thousand's place, and leave the 1 thousand in the thou- 
sand's place. Lastly, we have 4 ten thousands and 1 ten thou- 
sand, which we carry from the thousand's place makes 5 ten 
thousands. We thus have for our product of 232 by 2 hundreds 
and 2 tens, 5 ten thousands 1 thousand and 4 tens, or 51040. 
Now if you examine the copy of this operation in figures, you 
will see that at the moment you have completed the process of 
multiplication by the two 2s in the multiplier, and before you 
have brought down the cyphers ^* annexed** to the multiplier, 

232 
220 
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your product will stand in the figures thus, 5104 And you are 
directed by the Rule laid down in the books, for this " case " of 
Multiplication, that, " when there are cyphers at the right hand 
of the multiplier^ you must perform the operation with the figures; 
and, neglecting these cyphers until you have jound the product 
by the figures, annex as many cyphers to this product by the 
figures, as there are cyphers at the right hand of the multiplier.^' 
In some of the books this is called ** bringing down " cyphers 
to the right of the product. You see, then, the reason of this 
direction in the Rule, to " bring down " cyphers to the right 
hand of the product of the multiplicand by the ** figures " in the 
multiplier ; for the product of 232 by 2 hundreds and 2 tens, 
when read at length, will be 5 ten thousands 1 thousand no hun- 
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annexied to the multiplicand ; and for this purpose multiply 23M 
by 22. Set down the figures, and place the solids to illustrate 
their meaning as in the preceding examples. See Plate VIII. 
We here have 2 thousands 3 hundreds and 2 tens to multiply by 
2 tens and 2 units ; and we say twice 2 are 4 ; and this 4 is 4 
tens, because we multiply tens by units. Then twice 3 are 6 ; 
and this 6 is 6 hundreds, because we multiply hundreds by units ; 
then twice 2 are 4 ; but 4 what ? To determine this, we must 
consider, that, if we multiply 1 thousand by 1 unit, the product 
will be 1 thousand ; that, if we multiply 1 thousand by 2 units, 
the product will be 2 thousands ; that, if we multiply 2 thousands 
by 2 units, the product will be 4 thousands ; and that, univer- 
sally, if we multiply thousands by units ^ the product will he thou- 
sands. Our 4, therefore, will be 4 thousands, because we multi- 
ply thousands by units. We thus have 4 thousands 6 hundreds 
4 tens and no units for the ^rst product, or the product of 2 
thousands 3 hundreds and 2 tens by 2 units. To obtain our 
second product, or the product of 2320 by the 2 tens in the 22, 
we say, twice two are 4 ; and this 4 is 4 hundreds, because, if 
we multiply tens by tens, the product will be hundreds. Then» 
twice 3 are 6 ; and this 6 is 6 thousands, because if we multiply 
hundreds by tens, the product will be thousands. Lastly, twice 
2 are 4 ; but 4 what 1 To answer this question, we must con- 
sider, that, if we multiply 1 thousand by 1 ten, the product will 
be 1 ten thousand ; that, if we multiply 1 thousand by 2 tens, 
the product will be 2 ten thousands ; that, if we multiply 2 thou- 
sands by 2 tens, the product will be 4 ten thousands ; and, that, 
universally, if we multiply thousands by tens, the product will be 
ten thousands. Our 4^therefore, will be 4 ten thousands, because 
if we multiply thousands by tens, the product will be ten thou- 
sands. We then have, for our second product, or the product of 
2 thousands 3 hundreds and 2 tens by 2 tens, 4 ten thousands 
6 thousands and 4 hundreds. We now add these two products 
together in order to obtain the whole product of 2320 multiplied 
by 22. First, then, we have 4 tens. Then, 4 hundreds and 6 
hundreds are 10 hundreds, instead of which we put down 1 
thousand to be carried to the thousand's place. Then 6 thou- 
sands and 4 thousands are 10 thousands, and 1 thousand we 
carry from the thousand's place, makes 11 thousands. For 10 
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of these thousands we put down 1 ten thousand to be carried td 
the ten thousand's place, and leave the 1 thousand in the thou- 
sand's place. Lastly, we say 4 ten thousands and 1 ten thousand 
we carry from the thousand's place makes 5 ten thousands. 
And we have 5 ten thousands 1 thousand and 4 tens, for ouf 
product of 2320 by 22. If we attend particularly to this example 
of multiplication as written in figures, we shall find, that, after 
the multiplication of the figures only in the multiplicand by the 
multiplier is performed, and hefore the cypher in the multiplicand 
is " brought down to the right hand of the product," the example 
will stand thus, 2320 
22 



464 
464 



5104 or 5 ten thousands 1 thousand no 
hundreds 4 tens and no units. Now we must have a cypher in 
the units place to express no units ; and to set down this cypher 
at the right hand of the 5104,"^ would be the same thing as to 
" annex as many cyphers to the product of the figures in the 
multiplicand by the multiplier^ as there are cyphers at the right 
hand of the muUiplicand.^' If, then, we annex this cypher, our 
5104 will be read 51040, the correct and entire expression in 
figures of the product of 2320 multiplied by 22. 

The third and last case of multiplication is that in which 
cyphers are annexed to both multiplier and multiplicand, at the 
same time. To acquire a clear idea of the principle involved in 
this case, you may multiply. 230 by 220# See Plate IX. We 
have, in this example, 2 hundreds and 3 tens to be multiplied by 
2 hundreds and 2 tens. We say twice 3 are 6, and this 6 is 6 
hundreds, because we multiply tens by tens ; then, twice 2 are 4, 
and this 4 will be 4 thousands, because we multiply hundreds by 
tens. We thus have 4 thousands and 6 hundreds for our product 
of the 230 by the 2 tens in the 220. We then say, twice 3 are 

* By a little reflection on this and the last example, the pupil will perceive 
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; bat 6 what 1 . To detenoine tbi% we mu&t consider, that, if we 
ihuiliply 1 ten by 1 hundred, the product will be 1 thousand ; that, 
if we multiply 1 ten by 2 hundreds, the product will be 2 thousands ; 
that, if we multiply 2 tens by 2 hundreds, the prc^uct will be 4 
thousands; and, that, universally, ifwemuUipUf tens by hundreds^ 
the prodmct will ht thousands. Our 6, therefore, will be 6 thmt- 
sands, because we multiply tens by hundreds. We then say, 
twice 2 make 4 ; but 4 what ? To determine this, we must con^ 
sider, that, if we multiply 1 hundred by 1 hundred, the product 
will be 1 ten thousand ; that, if we multiply 1 hundred by 2 
hundreds, the product will be 2 ten thousands ; that, if we multi- 
ply 2 hundreds by 2 hundreds, the product will be 4 ten thou- 
sands ; and, that, universally, if we muUiply hundreds hy hun^ 
dreds, the product will be ten thousands. Our 4, therefore, will 
he 4 ten thousands, because we multiply hundreds by hundreds. 
We have, then, for the product of the 230 by the 2 hundreds 
in the 29(^ 4 ten thousands and 6 thousands, or 46 thousands, 
which, if we add it to the 4 thousands and 6 hundreds (our first 
product) will make 5 ten thousands no thousands 6 hundreds 7to 
tens and no units. Now to express this number in figures, after 
we have written the 506 as the whole product of the ^^^r^s w31 
stand before any cyphers are brought down, 230 * 

220 
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506 we must annex 
to this 506 two cyphers, or as many cyphers as there are atnhe 
right of both the multiplier and multiplicand, to mean no tens 
and no units. The 506* will become 50600, or fifty thousand 
six hundred, which is the product of 230 multiplied by 220. In 
these examples of Multiplication, in which cyphers are annexed 
either to multiplier or to multiplicand, or to both, there has been 
only one cypher annexed in each case. We will give you one 
more example to show, that, if the annexed cyphers are more than 

*By a little consideration, the pupil will perceive, that this 606 may 
actually be read, five hundred and fix; but it will 506 hundredi-^five Aim- 
dred and six hundreds ; and, that this five hundred and six hundreds is the 
same thing, in fact, as fifty thousand six hundred, that is, 6 ten thousand* 
and 6 hundreds are equal to fifty thousand and she hundred umt$. 
7 
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pro^tic^, after the op^atlon ii pedbttned by the figuras separately, 
as there are ** cyphers annexed to the muhiplier and mukipli- 
cand." Your may multipiy 5I9§ by 200, that is, 2 hundreds and 
8 tens by S hundreds. See Plate X. Figure I. In this exampte, 
we say twice 3 are 6 ; add this 6 is 6 thousands, because we 
multiply tens by hundreds. Then twiee 2 are 4 ; and this 4 is 4 
ten thousands, because we multiply hcmdreds by hundreds. We 
thus have obtained 4 ten thMsands and 6 thousanie, for our 
product of 2S0 by 200. If we set this example down in figures, 
before we set down the cyphers annexed, it will appear thus, 230 



46 
To this 46,"*^ which means 4 ten thousands and 6 thousands, Or* 
46 thousands, we mast annex 3 cyphers, or as many cyphers as 
there are annexed both to multifdier and moltiplicaDd, to make 
it read as it properly should^ 4(^00, four ten thousands 6 thou- 
sands no hundreds no tens and ne units, or forty •^iX' thousands^ 

We have thus given you wa. adequate idea of iknQ principles of 
Multiplication, or the second mode of putting numkers i9gtther. 
There are also two modes of separating numbers 'firom each oth^, 
or of taking numbers apart. And you will remember, that, in 
every operation in Arithmetic, which is the science of numbers, 
there is only one of two things to be done, viz. either to put 

NUMBERS together, Or, TO TAKE THEM APART. Since yOU HOW 

understand the two methods of 'putting numbers together, we 
shall next proceed to make you understand the two methods of 
taking mtmbers apart. And lirese two methods of taki^ 
numbers apart, are called Subtracttion and Division. We wiU, 
first give you a clear idea of 

SUBTRACTION. 

If it were required to take 5 from 9, it is perfectly plain that 4 
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tftkiag one figure, or ratber (he ni^ober expressed by om figure, 
firom anoth^ number expces^ed by (me figure : as 5 from 9^ 3 
fipofu 7, 4 firom 6, 6i^c, It is guly when you have numbers 
expressed by several fibres to take firom other numbers expressed 
by several figures, as 235 fit>m 346, that you u^et with any diffi- 
culty in Sluburaction. Still greater does this difficulty become, 
when you are required to take a larger figure in the number to 
be subtracted, fi'om a smaUer figure in the number from which 
you subtract* For instance, i^ you were required to subtract 61 
from 253, you would \ei them down thus, 253 

61 

192 
with the larger number, which is caUed the muuend, over the 
i^naller number, which is 4^alled the subtrahend. You would 
then say 1 from 3 leaves 2 ; then 6 firom 5 I cannot, but 6 fi^om 
I^ leaves fif. Lastly, I io carry to nothing is 1, which subtracted 
fi»m 2 leaves 1. 192 then, is what remains after 61 is subtracted 
firom 263, and is called the remainder. Now it is this ''borroUf- 
ing and carrying " in Subtraction, which puzzles t^ learner of 
Arithmetic more, if posaible, than does the carrying in Addition^ 
And to cause you fully to compr^end the reason why you 
''borrow and carry ^' in Subtraction, we shall give you a few 
examples. 

Example 1. Let it be required.to subtract 61 from 253. See 
Plate YI. Figftre 3. , We have here to take 6 tens and 1 unit 
fit>m 2 hundreds 6 tens and 3 units. It will be most convenient 
to -lake -units firom units, tens from tens, &o., and this is the 
reason why^ in setting doyirn our minuend and subtrahend, we are 
directed by the Rule in the« boojks on Arithmetic, to place units 
under units, tens under tens, S^c. We say, then, in the present 
example, 1 unit from 3 units will leave 2 units, and put these 2 
units down in solids. We then say 6 tens fi-om 5 tens ; and it is 
here that the difficulty occurs. Supposing, then, we take firom 
' 253 one of the hundreds, and put 10 tens instead of it, by the 
side of the other tens in the 253, as in Plate YT. Figure 4. We 
then have 1 hundred 15 tens and 3 units, the same thing as 2 
hundreds 5 tens and 3 units, or as 253. Now you can take the 
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6 tens from these 15 tens, and" fbere will remain 9 tens. There 
is nothing, then, to subtract from the t hundred, which remains 
' entire, for which we put down another hundred, and the re- 
mainder is 1 hundred 9 tens and ^ units, or 192. 

You will now be prepared to understand the operation of sul>> 
trading 61 from 253. See Plate VI. Figures a and 4. You say 

1 from 3 leaves 2 units; — 6 from 5^1 cannot, but taking 1 of the 

2 hundreds in 253 and changing it te 10 tens, I have 1 hundred 
and 15 tens, (adding the 5 tens to the 10 tens) and 3 units equal to 
253. I then say 6 from 15 leaves 9 tens ; and say, lastly, nothing 
from 1 leaves 1 hundred ^ for the 2 hundred has become 1 hundred, 
in consequence of 1 of the 2 hundreds being taken away, and 10 
tens put in its place. You see, then, that this ** borrowing cmd 
carrying " amounts to nothing more, than " imagining " 1 to be 
taken from the next higher place, where a figure in the 6ubtra<» 
hend is greater than the figure (torn which it is to be taki&n in 
the minuend, and this 1 to be redoced to 104>f the lower place, 
and then 1 to be returned 'to the next lower figure in this next 
higher place, to compensate for what was imagined to be taken 
away frcxn the upper figure. By perfofmia)^ the operation with 
the sblids, we fitee what 'does, in fact, take place, l^hroughout 
the operation by figures, every thing is imaginary. If we employ 
the solids, we see that the 2 hundreds and 5 tens and 3 units, or 
the 2^, must and does, if we wish to show what actually occurs, 
become 1 hundred and 15 tens and 3 units; that, after having 
taken the 1 unit in the 61 fi'om the 3 units ia the §53, we say 6i 
tens from the 15 tens leaves 9 tens; and that, then there is 
nolliing to be tak«i from the 1 hundred, which remains en^e. 
Now if we set down the figures thus, 253 

61 

192 

we say 1 from 3 and 2 remains ; then 6 frOm 5 we cannot, but 
** imagining'* 1 hundred to be taken fi'om the 2 hundreds, 
reduced to 10 tens and added to the^5 tens making 15 tensj we 
say 6 from 15 leaves 9. Then because the 2 hundreds, as ex- 
pressed by the figure 2 actually remains unchanged^ although we 
** imagine " it to be changed to 10 tens, we must say 1 to carry 
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to aitbiiig 18 1^ and this.!, which i&thas carfied, taken from the 
3 leaves 1. 

Example 3. Let it be required to subtract 1 from 300. We 
should, according to the direction in the Rule of the Books, set down 
the figures of this example as you see in Plate X. Figure 2. We 
then say 1 from nothing we cannot, but 1 from 10 leaves 9 ; but 
we ask 1 what from 10 wluU 7 The answer probably would be, 
1 umt from 10 units. The answer is correct; but it may be. 
asked, whence do we oUajn the 10 units 1 The answer almost 
universally given by the pupil is, ** I * barrow* 1 from the tm's 
place, and reduce it to 10 units" But it may be r^ied, that is 
impossible to borrow from. the ten's place in this example, because 
in the 300 thereis nothing in the ten's place. The pupil then, 
perh^)^ will say, that he will borrow from the next place. But 
(hie next place is filled by 3 hundreds, and not 3 tens nor 3 units. 
Now we want 1 ten. To go to the hundred's plaeoi therefore, for 
Qur 10 units is. going too far. Indeed, there is somewhat of 
obscurity in this example And other examples involving th0 same 
principles with-it. If, however, you look at the illustration which 
you can make with the ^lide as delineated in Plate X., Figures 

3, 3^ and. 4, you will have litde difficulty in understanding the 
whole subject. You have in Plate X. Figure 2« 3 solids of a 
hundned* put down, and at their right a little lower down, 1 solid 
of a unit. Now the object of the operation is, to take this 1 unit 
from.the 3 hundreds. We may say, 1 firom nothing we cannot. 

But if we take aw^ one of the 3 hundreds, as represented in 
Plate X. Figure 2, and place in the^r room on the table 10 teps, 
^9Fe sh^ll have, us represented in Plate X. Figure 3, 2 hundreds 
and 10 tens, which are the same thing as 3 hundreds. Still we 
have nothing to take our 1 unit from. Take away then, 1 of the 
10 tens, as represented in Plate X. Figure 3, (leaving 9 tens) 
and put in its place 10 units as represented in Plate X. Figure 

4, and we shall have 2 hundreds 9 tens and 10 units, which are 
the same thing as 3 hundi^eds. We may now take our 1 unit 
from the 10 units, and there will remain 9 units and the 9 units 
jmned to 9 tens and 2 hundreds, which remain entire, will con* 
Btitute the 2 hundreds, 9 tens and 9 units or 299 which remains 
where 1 is taken from 300. Now if you recur to the operation 
as it is expressed by the figures, you will not fail to comprehend 
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their meaning, and this subject of " bowromng find carrying" in 
.subtraction. After having written the figures t)ius 300 

1 

on the slate, you ^ill say one from I cannot take ; but 1 unit 
from 10 units leav^ 9 units ; and these 10 units are obtained by 
taking 1 of the 3 hundreds^ leaving 2 hundreds, and changing 
this hundred into 10 tens, and then by taking 1 of the 10 tens, 
leaving 9 tens, and converting this 1 ten into 10 unij^ Our 3 
hundred will then stfind thus, 29(10), or 2 hundred 9 tens, and 
10 units, (»r, to use a phrase somewhat unusual, two h\indred and 
ninety-ten, and this ei^pression conveys to the mind the same 
idea with the phrase three hundred. Then 0)}r example may 
thus be expressed in figures, as you will find it in Plate X. Fig^r^ 
4, 29(10) 
300 
1 



299 
In this analysis the 3 in the hundred's place becomes 2, the 
cypher in the ten's place, becomes 9, and the cypher in the unit's 
place becomes 10. Then we say 1 from 10 leaves 9, nothing 
from 9 leaves 9, and nothing from 2 Jeaves 2. * t 



* The ancient method to solve this subtraction of 1 from 800 is this, 800 

1 

299 
saying f* 1 from nothing weeanmt, kut 1 from 10 leaves 9 / Ito earg^to 
nothing is 1, and from nothing we cannot, but from 10 leaves 9; Ito 
carry to nothmg is 1, and from 8 leaves 2." 

t In the ordinary deser^ptioe process of the hookh the figures are sul^^ 
{o remain as they are. All the changes which take place in them are entirely 
imaginary. According to this descriptive process we say 1 from we can- 
not take, but imagining 10 to be added to the unit's place, we say, 1 iOrom 10 
leaves 9 ; then imagining 1 to be put in the ten's place of the subtrahend, to 
compensate for its equal 10 units, which are added to the unit's place of the 
nunuend, on the principle, that the subtrahend must be increased as much as 
the minuend, in order to obtain the true remainder, we say 1 from 9 we 
cannot take, but imagining 10 to be added to the ten's place of the minuend. 
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Sximpie 3. Ftom 2000 take 24. In this Example, Ve are 
required *to subtract 2 tens and 4 units from 2 thousands. You 
iipill'see the operation expressed in figures and illustrated by the 
solids in Plate X. Figure 5. We here say, 4 units from no units 
we cannot take, but 4 units from 10 units leave 6 units ; and the 
manner id which we obtain our 10 units, you will clearly com- 
prehend, by Examining the change, which actually takes place in 
the solids or in transferring the illustration made by them, from 
Plate X. Figure 5, to Figure 6 of Plate X. In Figure 7 of Plate 
X. you will see the various changes, which successively occur in 
the minuend 2000, previoudy to its transfer from the condition 
in whicli il exists in Plate X. Figure 5, to that at which it arrives 
in Plate X. Figure 6. You say in Plate X. Figure 5, 4 units from 
nctthing I cannot subtract. But on looking at Figure 7, you will see, 
4hi^ if you take away 1 of the 2 thousands, and substitute for it^ 
10 hundreds, you will have one thousand and 10 hundreds, equal 
to 2 thousands. Then if you take away 1 of these hundreds, 
leaving 9 hundreds, and place in its stead, 10 tens, you will have 
1 thousand, 9 hundreds, and 10 tens, equal to 2 thousands. 
Lastly, if you take away 1 of the 10 tens leaving 9 tens, and 
change this 1 ten to ten units, you will have I thousand 9 hun- 
dreds, 9 tens, and 10 units as' in Plate X. Figure 6, equal to 2 
thousands. Now you can say, 4 units from 10 units leaves 6 
units, then 2 tens from 9 tens leave 7 tens. Then no hundreds 
from 9 hundredfi leaves 9 hundreds. Lastly, no thousands from 
1 thousand leaves 1 thousand. You thus have 1 thousand, 9 
hundreds, 7 tens, and 6 unitSy for the difference between 2 thotls- 
Undfl, and 24 imits, or 2 tens aild 4 units. If you examine the 
minuend and subtrahend, as they are expressed by Jigures, Plate 
X. in Figure 6, you say, 4 from you cannot ta;ke ; but 4 units 
from 1^ units leave 6 units. Now to obtain these 10 units, your 
see eJearly, that y«u take, in the first place, one of the 2' 
thousands, leaving 1 thousand, and reduce this one thousand to 
10 hundreds, then take one of these 10 hundreds, l<!iaving 9 
hundreds, and reduce it to 10 tens ; then take one of these 10 
tens, leaving 9 tens, and reduce it to ten units. Then we have, 
as expressed above, the 2000, in figures, 1 thousand 9 hundred 
and ninety-ten, equal to 2 thousand. Then you can say, 4 from 
10 leaves 6 ; 2 from 9 leaves 7 ; nothing from 9 leaves 9 ; and 
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nothing from 1 leaves 1. Thos we haye 24 subtracted f^om 
2000, leaving, for a remainder, 1976. You m«y now perform 
with the figures, and iilustrate with the solids, the folloi^ng 
examples. 

Example 4. From 10000, subtract 1. 
Example 5'. From 5256, subtract 4166. 
Example 6. From 100000, subtract 3. 
Example 7. * From 10, subtract 9. 

You have by this time acquired an adequate idea of the mode of 
taking one number from another humber, which mode of 
taking numbers apart is called Subtraction. Now, supposhig 
Vou should be asked how many times you could take 5 *&om 20, 
you might, as you see in Plate XI. Figure I, set down the 20, 
and the 5 under it, and say 5 from 20 leaves 15 ; then setting 
the 5 under the 15, you would say 5 from 15 leaves 10 ; th^ 
setting the 5 under the 10, you would say 5 from 10 leaves 
' 5 ; then setting the 5 under the 5, you would say 5 from 5 leaves 
nothing. You thus see, that 5 can be taken from 20 pour times. 
But in thus performing this operation of finding how many times 5 
can be taken from 20, we are obliged to make twelve figures. Now 
we may ascertain how many timlBS 5 can be taken from 20, without 
making more than four figures. For this purpose, as you see in 
Figure 2, Plate XL, you may set down the 20, and put the 5 at, 
its lefl, drawing a line between them to keep them apart. Now 
a less number is contained in a greater just as rmmy times as the 
less can be taken from the greater. Thus, 5 is contained in 20 
four times, and 5 can be taken from 20 four times. If then afler 
having set down the ^ with thfe 5 at the lefl, we ask how many 
times is 5 contained in 20, and say 4 times, setting down the 4 
at the right of the 20, or under the 20, and drawing a line to 
keep the 20 and the, 4 apart, we actu^Jly set down the number of 
* times which 5 can be ttiken from 20. T*b inquire, then, how 
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9D| «r^ Wbal tiiU etch of the parts of 30 be, if it is divided into 

5 ptrts, the a«swer will be 4, or precisely the same thing.* 
WMnever, tker^re, we 'wish to ascertain how many times one 
number can be taken from another, we inquire, at once, how 
many times the smaller number is oohttained in the larger, or, 
if the larger number be divided into as many parts as are signi- 
fied by the ^motfer, what will each <^ these parts amount to ? We 
thus, as in Figure % Pla^e XI^ obtain the same answer by a 
shorter method than we should if we went through the longer 
pf Qcess, as in Figure 1 , Plate Xf, This shorter method of taking 
numbers apart is called Division ; because by this method we 
niTiDE the larger nundter into as many parts as are signified by 
the smaller number. Having gone through, then, wi^ the Jirst 
mode of taking numbers apart, or Subitbaction, we come to the 
sscond mode of taking numbers apart, or 

DIVISION. 

Subtraction, as you have s^n, consists simply in taking a 
smaller number Jrom a larger number, and thereby showing the 
difference between them, , Division is the dividing of a larger 
number into as many parts as are denoted by a smaller number, 
and thereby ascertaining what each df these parts will be. The 
larger number in Division, or the number to be divided, is called 
the dividend ; the smaller number, or the number by which we 
divide, is called the divisor; and the number which denotes the 
number of times the dividend contains the divisor, is called the 
quotient, Sotinetimes, when we divide one number by another, 

* If I mistake not, there has been a distinction made, in some of the books, 
between those cases of Division, in which the inquiry is. How often the 
leM. number is contained in the greater; and those, in which the object of 
inquiry is, to ascertain the amount of one of the parts, when the larger number 
is difidedl into as many parts as are denoted by the smallen I can see 
00 reason in making this distincticm, unless it is to show, by varipng the 
expre^^iont that both inquiries are the same. To my own mind, there is, meta- 
j^ysically, so far as number is concerned, the same idea conveyed by the 
inquiry in question, in whichsoever of the three following forms the interro- 
gation is expressed : 

How many times can 5 be taken from 20 ? 

How many times are 6 contained in 20 ? or. 

What will each of the parts of 20 amount to, supposing you divide 20 into 

6 equal parts ? 

8 



Ihei^e k something left after the division tB performed. Thus, if 
we divide 23 by 5, we see that 5 is contained in 23 four times 
and 3 over. This number 3, which is' left after the division is 
perfoMxiedy is called the remainder. If, therefore, we divide 23 
by 5, the answer will be 4 and 3 aver. The 23 is the dividend; 
the 5 is the divisor ; the 4 is the quotient ; and tl)e 3 is the 
remainder. In the hooka on Arithmetic, you generally find.lfM^ 
kinds of Division described ; one kind being term^ Short Divi- 
sion, which takes place when the Divisor is 12, or l^ss than 12 ; 
the other kind being called Long Division, which occurs when 
the Divisor is more than 12. Though there is no great difficulty 
in understanding Short Division, we shall give yon a* few ex- 
amples of it. 

. Examine 1 . Divide 136 by 4. By looking at Plate XI. Figure 
3, you will see this example expressed by the figures and by the 
solids. In this example we have I hondred 3 tens and 6 units 
to be divided by 4 units ; or, we are to ascertain how many timetf 
4 units are contained in 1 hundred 3 tens and 6 units ; or, which 
is the same thing, to divide 1 hundred 3 tens and 6 units into 4 
equal parts, and to find what esKh of those parts will be. < And, 
iirst, it will not be convenient to'divide the 1 hundred into 4'"equal 
parts, so as to express it by figures,. unless we first convert it into 
10 tens, which are equal to the 1 hundred. If, therefore, we 
convert our 1 hundred into 10 tens, we may add to these 10 tens 
the 3 tens, already in the ten's place, and they will make 13 tens. 
Now, if we divide 13 tens into 4 equal parts, there will be 3 tens 
in each of these parts, and 1 ten over, undivided. We put down 
bur 3 tens, and reducing this 1 ten which is over and undivided 
to 10 units, and add to these 10 units the 6 units, already in the 
unit's place, they will make 16 tmits. If we divide these 16 
units into 4 equal parts, there will be 4 units in each of these 
parts ; we put down 4 units ; and we have 3 tens and 4 units for 
each of the parts, if we divide 1 hundred and 3 tens and 6 units, 
into 4 equal parts ; that is, if we divide 136 by 4, 34 will be the 
quotient. • 

Example 2. Divide*2364 by 11. We are required, in this 
example, to divide 2 thousands 3 hundreds 5 tens and 4 units 
into 1 1 equal parts ; or to find how many times 1 1 units are con- 
tained in 2 thousands 3 hundreds 5 tens and 4 units. By 
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reliMffing to Rate XI. F%i»re #, you will see the example set 
down in ^IgDres, and its illaslration by the solid» delineated. 
Hcsre we cannot 4livid€ the 2 thousands into 11 equal parts.* 
But by making the ^ thousands 20 hundreds, and by adding to 
these 20 hundreds, the 3 htfndreds already in the hundred's place,, 
we have 23 hundreds^ Now, if 23 hundreds be divided into 11 
equal parts; there wiB be 2 hundreds in each of these palrts, and 
1 touted over," undivided. If we put down the 2 hundreds, and 
reduce this 1 hufidred, whiq,}i is undivided, to 1^ tens, and add 
tbe 5 tens already in the ten's place, we shall have 15 tens. 
Then 15 tens divided into 11 equal parts will give 1 ten for each 
of these parts, and 4 tens over, undivided. If we put down this 
1 ten in the ten's place, and convert these 4 tens into 40 units, 
and to them add the 4 units already in the unit's place, we shall 
kave 44 remaining to be divided inta 1 1 equal parts. Each of 
these parts; it is plain, ^vill be equal to 4 units, which we set down, 
and we faysive 2 hundreds 1 ten and 4 units for ea^ t)f the parts, 
if we divide f2 thousands 3 hundreds 5 tens and 4 units into 11 
equal parts. If, therefore, we divide 2354 by 11 , the quotieat will 
be 214. 

^ Example 3. Divide 1548 by 9. 
Example 4. Divide 423^ by 6. .4 

yfe witt now propose an example^ in Long DivisioN, in which 
you^ will recoltoet the Divisor exceeds 12. This speci€i$ of Divi- 
sion is usually attended with great dij9iculty and obscurity to the 
pupil* By a lit^ attention, however, you will be able, by the 
use of Ihe soUds^ p^fectly to understand it. 

■ , — •■ ■ I. . . . n ,.i 

* The fidl meaning of the inquiry, How many times are 11 units contained 
in two thousands ? or, what will one of *the parts amount to if 2 thousands be 
divided into 11 equal part»f if propi»rly examined will he sufficient to show, 
why it is indeed impossible to divide 2 thousands into 11 equal parts. I am 
here required not only to divide, literally, the 2 thousands into 11 equal parts, 
but am also required to say How mimy thou^wnds there will be io each of 
these parts. The entire sense of the inquiry, then, is not merely this, viz. 
If I divide 2 thousand into 11 equal parts, what wilf one of these parts be? 
But it is this. If 1 divide 2 thousands into 11 equal parts, how many thou- 
sands are there in each of these parts? And as there are no thousands in 
each of these parts, we say, in this view, that we cannot ditfide the 2 thoU' 
sands into 11 equqLl jparts. Inasmuch, then, as there cannot be even one 
thousand in each of these parts, we take the 23 hundreds, or the 2 thousands 
and the 3 hundreds, and proceed to the question. If 23 hundreds are divided 
into 11 equal parts, how many hundreds are there in each of those par^s, &c. 
We see, then, that the requisition is to say, not only whaty in these divisions, 
each part amounts to, but to specify how many of that ordbr of vnits, 
which we are thus dividing, each part amounts to. 
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Lejt it, then, be required to divide 332 by 29«* In this ex* 
ample, we have to divide 2 hundreds 3 tens and 2 units into 22 
equizi parts^ or, which is the same thing, to ascertain how ma&ji^ 
times 12 tens and 2 units are contained in 2 hundreds 3 tens and 
2 units f or, which is still the same thing, to see how many times 
2 tens And 2 units can be taken from 2 hundreds 3 tens and 2 
units. We have the figures expressing this example, and tbe 
ddlneation of the solids ilkistrating it, in Plate XL FifuiP# 5. 
We will, however, consider the erroneous manner in which we 
proceed, and which you see exemplified, in th^ Jirst coUeetioa 
of figures, which occurs in Figure 5, Plate XI. In this collec- 
tion, which stands thus, 22)232( 1 , 

22 
we first say, according to the Rule for Long Division laid down 
in the books, 22 in 2 goes- no times; but 22 in. 23 goes oncef 
9^4 we set down 1 in the quotient. We then, according to the 
same Rule, miHtiply the Divisor 22 by this 1, which is the first 
figure in the quotient, and say once 2 is 2 ; which 2 we have 
here set down under the first 2. in the Dividend, and then -say 
once 2 is 2, setting down this last 2 under the 3 in the Dividend, 
Every pupil, who has committed to memory the Rule abovoi 
mentioned, will say, that those two 2s under the Dividend are not 
correctly set down. Now I 4»b prove, that tiiese two 2s are 
correctly set down, although i know that they are not correctly 
set down ; and not one pupil in a hundred .will detect the 
sophistry of the demonstration. First, then, it will be seen, that 
once 2 units is 2 units, and that once 2 tens is 2 ttm. But when 
I multiply the right hand 2, or the 2 units in the Divisor, by the 
1 in the Quotient, I say once 2 units ; and once 2 units makes 2 
units, and this 2 units, since they ^e to be subtracted from the 
Dividend, must be placed under the 2 units in the Dividend. 
And again, once the 2 tens in the Divisor makes 2 tens, which I 
set down under the 3 tens in the Dividend, in compliance with 
the Rule for subtraction, which requires me to put units under 
units, tens under tens, S^c, Have I not, then, proved, that the 
22 is here set down correctly ? It is no refutation of this proof, 
to say that we divide the 23 only in this step of the operation, and 
not the whole 232 ; for, afler all, the fact is undeniable, that 
once 2 units are 2 units, and once 2 tens are 2 tens, and in order 
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to sukraUihtxa correctly from the DWidendi we must put units 
under units, and tens under tens,* Now, if you attend to the. 
Mustration by the solids you will see wherein the fallacy of this 
reasoning consisis ; and you will abo clearly understand the 
principles- of what is called Long Division, By referring to the 
illustration by means of the solids, whiah you see delineated in 
Plate XI. Fignre 5„ you will perceive, that we have the 2 hun- 
dreds 3 tens and 2 units, to be divided into 22 equal parts. The 
2 hundreds it i» impossible to divide into ^ equal parts so as to 
express the amount of one of these parts by figures. So we must>* 
reduce these 2 hundreds tp 20 tens, which add«d to the 3 tens in th^ 
232 will mftke 23 tens. If we divide 23 tens into 22 equ^ parts, 
1 ten will be equal to each of these parts, and there will be 1 tpn 
over, undivided. ; and the 1 ten which is equal to one of these 
pw^te win represent the first figure of the Quotient. Now we 
win malliply the Divisor by this 1 in the Quotient. We a¥^ 
therefore, 1 time 2 10 2 ; but 2 what ? The answer is 2 tens, 
because wb mult^ly 2 units by 1 ten ; and units multiplied by 
lens, you know, produce tens. Again, 1 time 2 is 2 ; but 2 
what ? The answer is 2 hundreds, becMise I multiply the 2 tens 
of the Divkor by the 1 ten in the Quotient ; and tens multiplied 
by tens produce hundreds. The I, or the first figure in the 
(ii]f3f|cent, is 1 ^m, m you have »soer|ained by using the solids in 
illustrating thi» example. The fact, that this one means 1 tea 
you never could have Ascertain^ by the figures merely, until you 
had fiiniahed the example. But you mwt now be convinced^ bpw 
necessary it is in Arithmetic to ui^erstand thoroughly, as you 
proceed, the preeise nature and reason of every step. After 
having pat our'22, or 2 hundre49 %nd 2 tens under the 2 hundreds 
a»d 3 tens of the Dividend, we subtract them, in order to ascer- 
tain how many of the hundreds or. ten»^ or of both, will ren^n 
over, undivided, after dividing 23 tens of the Dividend into 22 
equal parts. We find by this Subtraction, that there is 1 ten 
over» to which we bring down the 2 units of the Dividend. We 
then inquire, How many units there will be in each of the parts, 
if we divide the 12 units or I ten and 2 units into 22 equal parts. 

* Nor does it obviate the difficalty to say, that this 1 in the Quotient is fn 
reality 1 ten. For this fact the pupil is not supposed to know, untU the 
operation is finished. 
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The answer will, of courae be no units ; a cypher therefore, is 
placed in the Quotient to signify, that there are no units belong- 
ing to this Quotient.* On dividing 232 by 22, then, we hare 10 
for our Quotient and 12, or I ten and 2 units, for a remainder. 

Example 2. Divide 6104 by 232. 
. Examples. Divide 2334 by 37. 
Example 4. Divide 3152 by 42. 
Exan^ 5. Divide 289 by 17. 
Example 6. Divide 4096 by 64. 
* There is one case in Division, which frequently costs the 
scholar .much perj^exity, and which we shall now proceed to 
examine and illustrate. This is the case in which cyphers 
are found at the right of the Divisor, Of this case we shall 
give the following example. Divide 13134 by 1300. Here we 
have to find how oRen 1 thousand and 3 hundreds are contained 
In 1 ten thousand, 3 thousands, 1 hundred, 3 tens, and 4 units ; 
ot to divide 1 ten thousand, 3 thousands, 1 hundred, 3 tens, and 
4 units, into 1300 equal parts. The operation is written in 
figures, and its illustration delineated in Plate XIL Here, as 
it would be inconvenient to divide 1 ten thousand into 1300 
equal parts so as express the amount of one of these parts in 
the quotient, we take this 1 ten thousand and the 3 thousands, 
or, which is the same thing, the 13 thousands. Nbw if we' 
divide 13 thousands into 1300 equal parts, there will be 1 ten in 
each of "these parts. Or if we inquire how many times are 1 
thousand and 3 hundreds contained in 1 ten ^thousand and 3 hun- 
dreds; the answer will be, 1 ten times.- We put this 1, or 1 ten, 
in the quotient. Then multiplying the Divisor by this quotient 
of 1 ten, and subtracting the product from the 13 thousands, in 
order to ascertain, if there is anything over, after dividing the 
13 thousands by the 13 hundreds, we find that there is noth- 
ing over, and bring down the 1 hundred in one dividend, in 

* The way in which this putting cyphers in the Quotient is commonly stated, 
is apt to lead the pupil into an error. He is told, th^t if, after the subtraction 
is performed and the next figure of the Dividend brought down, the number 
so made up of the remainder and this next: figure of the Dividend annexed, 
will not contain the Divisor, a cypher must be put in the Quotient. Thif 
statement is calculated to impart to the pupil the notion, that the circumstance 
that the remainder in question with the next figure of the Dividend annexed, 
will not contain the Divisor, is the reason why the cypher is placed in the 
Quotient. 
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whie^ 1 hjindred the 13 hundreds canaot be contained at alL 
We have, then for our quotient 1 ten and no units : and, for a 
remainder, beside the 1 hundred, 3 tens and 4 units ; in all 134. 
Now we are directed in the Rule for this case of Dhrision, in 
which there are cyphers at the right of* the Divisor, '* to reject 
these cyphers, and to divide by the figures in the Divisor, neglect- 
ing as many figures at the right hand of the Dividend, as we 
have rejected cyphers in the Divisor ; until we havQ divided the 
rest of the Dividend by the figures in the Divisor, and then to 
bring down the figures of the Dividend so neglected ; and these 
neglected figures of the Dividend, with. the last remainder, if 
there be any, will constitute the entire remainder." To learn 
the reason of this direction, you will see on inspecting the solids, 
that you have 1 thousand and 3 hundreds, or 13 hundreds for 
|;our Divisor, and 1 ten thousand, 3 thousands, 1 hundred, 3 tens, 
and 4 units, or 131 hundreds, and 3 tens, and 4 units, or 34 
units besides, for your Dividend. Now the simplest way of 
ascertaining the quotient in this Divisior would be to enquire, 
how mat^f times the 13 hundreds^ or the Divisor, are contained 
in the 131 hundreds qf the Dividend ; And not to inquire, how 
many times are 1300 units contained in. 13134 units. Rejecting 
the cyphers in the Divisor then, is nothing more, than calling it 
by the more simple name of 13 hundreds, instead of 1300 units. 
^ii^ after having made the Divisor hundreds instead of units, 
we must do the same with the Dividend, or call the Dividend 131 
]iunclreds and 34 units, which is done by neglecting the 34 units, 
that is, as many figures in the Dividend as we rejected cyphers in 
the Divisor, when we divide; .which 34 units must of course, 
remain, afler the divisor is performed, with such of the 131 hun- 
dreds as are not divided. And these undivided hundreds, and 
the 34 units, constitute, the Remainder. In this example, there 
is 1 hundred over or undivided, which, with the 34 units, makes 
the remainder 134.* On the division of 13134 by 1300, the 



• This principle of rejecting the cyphers at the right hand of the Divisor, 
may he well illustrated, by caUing our 13134 units 13134 cents. And our 
1300 units, 1300 cents. Now in this instance, we might inquire, how many 
times are 1300 cents contained in 13134 cents. But it would certainly be 
far more simple, as well as more convenient to ask how many times are 13 
dollars contained in 131 dollars and 34 cents. We should thus find that 13 
dollars are contained in 131 dollars, 10 times and 1 dollar over, which, added to 
the 34 cents, gives 1 dollar 84 cents, or 184 cents for a remainder. It is on this 
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quotient is 10> and the remainder 134. Ton may now illiistrate 
with the solids, and perform at the saooie time with the figures, 
the following examples. 

Example 2. Divide 1256 by 200. 

Example 3. Divide 5160 by 430. 

Example 4. Divide 10896 by 110. 

Example 5. Divide 25555 by 2400. 

Example 6. Divide 119564 by 1220. 

Example 7. Divide 35880 by 1560. 

Example 8. Divide 162347 by 15000. 

We have thus explained the principles of the Simple Rules of 
Arithmetic, viz : Numeration, Simple Addition, Simple Sub- 
traction, Simple Multiplication and Simple Division. 
I'hese are alsp sometimes called the Decimal Rules of Arithmetic, 
because when we operate with them, we numerate, carry, and 
borrow for ten. This term Decimal, is derived from the Latin word, 
decern, which means ten, and these Decimal rules are called sin^ 
pie, on account of the regular or simple increase of the different 
orders of units in them, which is always ten. The unit of the 
second order, or a ten, has ten times the value of a unit of the Jirst 
order, or a unit ; a unit of the third order, or a hundred, has ten 
timet the value of a unit of the second order, or a ten ; a unit of 
the fourth order, or a thousand, has ten times the value of a unit 
of the third order, or a hundred ; and so on by the same incrtfftse 
throughout. Bat in what are called the Compound Rules of Arith- 
metic, the increase is irregular : thus, ten units make a ten, ten 
tens make a hundred, ten hundreds make a thoiMand, &c., while 
four farthings make a penny, twelve pence make a shilling, twenty 
shillings make a pound ; and on account of this irregularity of in- 
crease in these different denominations, viz. farthings, pence, &c., 
those Rules of Arithmetic, which relate to the Addition, Subtrac- 
tion, Multiplication, and Division of these different denominations 
of things; whether poune/s, shillings and pence, or feet, yards, 
and rods, or tons, pounds and ounces, or any other kind of money, 
measure, or weight ; are called Compound Rules, Units, tens. 



principle of rendering the Divisor and Dividend more simple in their expres- 
sion, and more manageable, in their operation, that we are directed to reject 
the cyphers at the right of the Divisor, and the same number of figures 
at the right of the Dividend, until the Pivison is performed, by xneaos of the 
figures in the Divisor. 
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hundreds, thousands, ten thousands, and hundred thousands, 
are called Simple Numbers; and farthings, pence, shillings, 
pounds, as well as all the other denominations of currencies, 
weights and measures, are called Compound Numbers. When 
we put together the Simple Numbers, we employ Simple Addition 
or Simple Multiplication; when we taJce apart the Simple Num- 
bers, we employ Simple Subtraction or Simple Division, In the 
same manner, when we put together the Compound Numbers, we 
enploy Compound Addition, or Compound Multiplication ; when 
we take apart the Compound Numbers, we employ Compound 
Subtraction or Con^ttnd Division. The only difference, 
then, between the Simple and Compound Rules is this ; that, 
when we operate with the Simple rules, we carry and borrow one 
for every ^cn,'but when we operate in the Compound Rules, we 
carry and borrow one for as many as it takes of a lower denomi- 
nation to make one of the next higher. For instance, if we-«dd 
4 shillings and 6 pence, to 3 shillings and 8 pence, we set them 
down in this manner s. d. 

4.6 

3.8 
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putting an s over the shillings to signify shiUings^ and t d* over 
the pence to signify pence. We then say, 8 and 6 makes 14 
pence or 1 shilling and 2 pence ; we set down the 2 pence under 
the pence, and carry the 1 shilling to the shilling's place. We 
then say, 3 shillings and 4 shillings make 7 shillings, and 1 
shilling we carry from the place of the pence makes 8 shillings. 
We thus find the sum of 4 shillings and 6 pence, when added to 
3 shillings and 8 pence, to be 8 shillings and 2 pence. Here 
we carry one for 12, because it takes 12 of the lower denomina- 
tion, which, in this instance., is the denomination of pence, to 
make 1 of the next higher denomination, or the denomination of 



* D is the first letter of the Latin word Denarius, which signifies a 
Penny, 

9 
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ahillings. If we 
and 2 farthings, 


wish to ascertain* the amount of 4 times 8 pence 
We place the figures in this manner, 

3 . 2 
4 








1.2 


. 



and say, four times 2 are 8 ; as there are 2 pence in these 8 
farthings and nothing over, we put a cypher in the farthing^s 
place in the product, and carry the 2 pence to the place of 
pence, and say, 4 times 3 make 12 pence, and 2 pence we carry 
fi-om the farthing's place, which make 14 pence. In these 14 
pence there is one shilling, and 2 pence over. We set down the 
2 pence in the place of pence, and carry the 1 shilling into a 
place by itself to the left of the pence, and set it down with an 
s over it, to denote its denomination of shillings. We obtain 
then, 1 shilling and 2 pence, by multiplying 3 pence and 2 
farthings by 4. Here we carry, first, 1 for 4, then 1 for 12. 
That is, one for as many of the lower denomination as, in each 
instance, make one of the next higher. If we wish to subtract 2 
shillings and 7 pence from 3 shillings and 6 pence, we place 
the figures in this manner s. d, 

3 . 6 

2 . 7 



It 

Here we say, 7 from 6 we cannot take ; but -we may take one of 
the 3 shillings, and suppose it to be converted into 12 pence, 
which added to the 6 pence, in the place of pence, will make 
18 pence. And 7 pence from 18 pence will leave 11 pence. 
We then say, 2 shillings from 2 shillings leaves no shillings : for 
the 3 shillings in the minuend, had 1 shilling taken away, to be 
converted into 12 pence. Or, if we merely imagine this 1 shil- 
ling to be taken away, the figure 3 in the minuend remaining the 
same, we say 1 to carry to 2 is 3 and this 3 taken firom 8 leaves 
nothing, the result will be the same. We have then 11 
pence, for the remainder, on subtracting 2 shillings and 7 pence 
■''■ " '■ ' . ■ ■ \ 

• * Qurs. for quarters : because 1 farthing is ihe fourth, or quarter part, of 
a penny. 
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frotti 3 shillings and 6 pence. In this instance we borrow and 
tarry 1, for as many of the lower denomination as take to make 
one of the next higher ; that is, we borrow 1 from the 3 shillings 
and convert it into J2, or as many of the pence as take to make 
one of the shillings ; and to increase the subtrahend equally, we 
carry 1 to the next higher denomination of shillings, by adding 
1 to the 2 shillings in the subtrahend, for the 12 of the lower 
denomination of pence, which 12 makes one of the next higher 
denominaticm of shillings. If we would divide 2 shillings and 7 
pence into 2 equal parts, we set down the figures in this manner, 

s. d. 
2)2 . 7 

' qurs, 

1.3.2 
and say, if 2 shillings biS divided into 2 equal parts, one of those 
parts win be 1 shilling. We set down the 1 shilling in the 
quotient, and then say, if we divide 7 pence into 2 equal parts 
there will be 3 pence in ea6h of those parts, and one penny over, 
undivided. We set down the 3 pence, and change our 1 penny 
over, to 4 farthings, and dividing these 4 farthings into 2 equal 
parts, find that there will be 2 farthings in each of these parts. 
We set down our 2 farthings, at a short distance to the right of 
the 3 pence in the quotient, and thus find that the whole quotient 
arising from the division of 2 shillings and 7 pence, into 2 equal 
parts, is 1 shilling, 3 pence, and 2 farthings. In Division, then, 
we regard always the number of the lower denomination, which 
makes 1 of the next higher. We will now illustrate a few ex- 
amples with the solids, and you will find little difficulty in acquir- 
incr a correct knowledrre of the nrincinles of the dnmnmind 
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' We then say, I shilling and 2 shillings make 3 shillings, and 
the 1 shilling we carry from the place of pence, makes 4 shil- 
lings. We set down these 4 shillings in the shilling's place, 
and, lastly, set down the one pound.* The sum, therefore, is 
£1. 45. 2d. 







£. s. d. qurs. s. d. gurs. 


Example 2. 


Add 


1.3.4.7 to 4.8.1. 


Example 3. 


Add 


4.6 to 3.2. 


Example 4. 


Add 


1 . 2 . 8 to 9.1. 



COMPOUND MULTIPLICATION. 

Now multiply 1 shilling, 4 pence, and 2 Tarings by 3. See 
Plate XIII. Figure 2. We have here, placed the solids of . 
shillings, pence, and farthings, and put our multiplier under the 
farthings, as the most convenient place. This multiplier, is 3 
units ; because we are required to take the multiplicand 1 shil- 
ling, 4 pence, and 2 farthings, three times, or 3 units^ or 3 ones 
of a time. We say, 3 times 2 farthings are 6 farthings. In 6 
farthings there is 1 penny, and 2 farthings over. We set down 
the 2 farthings, and carry the 1 penny to the place of pence. We 
then say, 3 times 4 pence are 12 pence, and 1 penny we carry 
from the place of pence, makes 13 pence. In 13 pence there is 
1 shilling, and 1 penny over. We set down the I penny, and 
carry the 1 shilling to the place of shillings. We lastly, say, 3 
times 1 shilling make 3 shillings, and 1 shilling we carry from 
the place of pence, will make 4 shillings. The product of 1 
shilling 4 pence and 2 farthings multiplied by 3 is, therefore, 4 
shillings, 1 penny, and 2 farthings. 

5. d, qurs. 



Example 


2. 


Multiply 


3 


. 6 


. 3 


■ by 


6. 


Example 


3. 


Multiply 






3 


by 


10. 


Example 


4. 


Multiply 


3 . 


3 


3 


by 


3. 


Example 


5. 


Multiply 


5 






by 


4. 



* The letter L with two marks across it, thus £, is pot for pounds, from 
the circumstance, that L is the iaitial of the Latiu word Libra, which signi- 
fies a pound ; and the two marks, =: are put across it to make it of the plural 
number; thus, £, or Libra, pounds. 
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COMPOUND SUBTRACTION. 

Subtract I shilling 4 pence and 3 farthings from 1 shilling 
5 pence. See Plate XIV. Figure 1. In this example, we say/ 3 
farthings from no farthings, we cannot take ; but if we take 1 
of the 5 pence and change it into 4 farthings, and put these 4 
farthings in the farthing's place, the minuend would be 1 shilling 

4 pence and 4 farthings, which is the same thing as 1 shilling, 

5 pence and no farthings. We then say, 3 farthings taken from 
4 farthings leave 1 farthing. Then 4 pence taken from 4 pence, 
leave no pence, and 1 shilling taken from 1 shilling, leave no 
shillings. If, then, we subtract 1 shilling 4 pence and 3 far« 
things, from 1 shilling and 5 pence, the remainder will be 1 far* 
thing. 

£. s. d. qurs, £, s, d, qurs» 
Example 2. Subtract 1 < 1 . 1 . 1 from 1 . 1 . 1 . '2. 
Exan^e 3. Subtract 2 . 3 from 3. 

Example 4. Subtract I from 1. 

COMPOUND DIVISION. 

Divide I shilling and 2 pence, by 4. See Plate XIV. Figure 
2. The divisor, as you see, is 4 units ; because we are required 
to divide the dividend, in this example, into 4 units^ or into 4 
one^, of parts. We therefore, say, that, since 1 shilling cannot 
be divided into 4 equal parts, or in other words, since if we 
divide 1 shilling into 4 equal parts, there will he no shiliings in 
each of these parts, * the 1 shilling must be converted into 12 
pence, and added^to the 2 pence, in the place of pence, which 
will make 14 pence. If we divide these 14 pence into 4 equal 
parts, there will be 3 pence in each of these parts, and 2 pence 
over, undivided. Now since, if we divide these 2 pence into 4 
equal parts, there will be no pence in each of these parts, we 

* Id the aame manner, when in Simple Division, we divide 232 into 22 
equal parts, we say, that the 2 hundreds cannot be divided into 22 equal parts. 
Now we do not mean by this assertion, that it is UteraUy iAipossible to divide 
2 hundreds into 22 equal parts ; but only, that, if we should divide 2 hundreds 
into 22 equal parts, there would not be so much as one hundred in each of 
tiiose parts. We therefore, change the 2 hundreds to 20 tens, &c 
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must change the 2 pence into 8 farthings, and we divide 8 far- 
things into 4 equal parts, there will be 2 fiirthings in each 
of these parts. The quotient, therefore, if we divide 1 shilling 
and 2 pence by 4, will be 3 pence and 2 farthings. 
£. s. d» qurs. 

Example. 2. Divide 1.5.1.0 by 2. 

Example 3. Divide 3 • 6 . 3 by 3. 

Example 4. Divide 1 « • . by 4. 

It sometimes becomes necessary, in Arithmetical operations, 
to change money, weights, or measures, from one name or denonH 
ination to another. Thus we occasionally wish, for instance^ to 
convert shillings into pence, shillings and pence into farthings^ 
farthmgs into pounds, quarts into gallons, seconds into hours, &^^ 
This changing of one denomination to another is called 

REDUCTION. 

If we wish to change a hwer denomination into a higher, as 
farthings to shillings, the process is called 

REDUCTION ASCENDING, 

because we go up from a lower denomination to a higher. If, 
on the other hand, we are required to change a higher denom- 
ination to a lower, as pence to farthings, we call the operation 

REDUCTION DESCENDING, 

because we go down from a higher denomination to a lower. 
We shall give some examples, to show the principle on which 
these Reductions are performed. 

Example 1. Reduce 1 shilling and 2 pence to pence. See 
Plate XIV. Figure 3. In order to reduce the shilling in this 
example to pence, we multiply it by 1 ten and 2 units, or by 12, 
because there are 12 times one penny in a shilling. We then 
put down the 12 pence, and add to them the 2 pence. Which we 
find in the place of pence, in the number to be reduced, and it 
will make 14 pence for the number of pence in 1 shilling and 2 
pence. 
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Example 2. Reduce 7 fajrthings to pence. See Plate XV. 
Figure 1. In this example, we divide the 7 ferthings by 4 units, 
because there are 4 farthings in 1 penny ; or, because there are 
one finffth part as many pence in 7 farthings, as there, are 
farthings. Consequently, if we divide the 7, or the number of 
farthings, into 4 equal parts, one of these parts will be the num« 
ber of pence contained in these 7 farthings. We find, then, that 
if, as in Plate XV. Figure 1, 7 farthings be divided by 4 units, 
the result will be 1 penny and 3 farthings, 
jf. $, d. qurs. 

Example 3. Reduce 1.2.5.0 to farthings. 

Example 4. Reduce 5.7.6.0 to pence. 

Example 5. Reduce 960 to pounds. 

Example 6. Reduce 250 to pounds. 

VULGAR FRACTIONS. 

The Visible Numerator is used in the illustration of Vulgar 
Fractions, by supposing different solids to be divided into the 
various other solids of a smaller size, and by substituting the 
solids of one size for those of another, according to the operations 
described in the Rules of the books. If we call the solid of a 
hundred thousand, one, or a unit, the solid of ten thousand will 
be one tenth; the solid of a shilling will be one twentieth; the 
solid of a thousand will be one hundredth ; the solid of a hundred 
will be one thousandth ; the solid of a ten will be one tenth of a 
thousandth ; and the solid of a unit will be one hundredth of a 
thousandth. If we make the solid of ten thousand, one, the solid 
of a shilling will be one half; the solid of a thousand will be one 
tenth; the solid of a hundred will be one hundredth; the solid of 
a ten will be one thousandth ; and the solid of a unit will be one 
tenth of a thousandth. If we make the solid of a thousand, one, 
the solid of a hundred will be one tenth ; the solid of a ten will 
be one hundredth ; and the solid of a unit will be one thousandth. 
If we make the solid of a hundred, one, the solid of ten will be 
one tenth ; and the solid of a unit will be one hundredth. If we 
make the solid of ten, one, the solid of a unit will be one tenths 
If we make the solid of a shiUing, one, the solid of a thousand 
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will be one fifths the solid of a penny will be one twelfth, and 
the solid of a farthing will be one forty eighth. If we make 
the solid of a penny, one, the solid of a farthing will be one 
fourth. To give a clear notion of the numerator TOd the 
denominator, or the two parts of which a Vulgar Fraction con- 
sists, take a solid of a shilling, as the one or unit, and suppose it 
to be divided into 5 equal parts, one of the solids of a thousand 
will represent one of these fifth parts. Now the figure 5 denotes 
the number of parts into which the unit is divided, and is called 
the denominator, and, for example, 3 of these fifth parts would be 
three fifths; and this figure 3 would be called the numerator. 
The numerator and denominator are written thus, f , and read 
three fifths. The numerator in a Vulgar Fraction, then, is 
written over the denominator, with a line drawn between them. 
The denominator shows, how many parts the unit is divided into ; 
and the numerator signifies, how many of these parts are con^ 
teamed in the fraction. 

We shall iUnstrate the Addition, Multiplication, Subtraction, 
and Division of Vulgar Fractions. 



ADDITION OF VULGAR FRACTIONS. 

1. Add ^ to -J. Let a solid of ten thousand represent the 
unit ; then, a solid of a thousand will be ^, Now we cannot 
add this -^^ to -^ in its present condition ; because the sum would 
be neither 2 tenths, nor 2 fifths* But you may see, on examin- 
tion, that two of the solids of a thousand, are ^ of the solid of ten 
thousand. But two of the solids of a thousand are -^j of your 
unit, which is the solid of ten thousand, -^^ and -^ of the unit, 
therefore, are the same thing. We may, then, add ^^ and y\y 
together, and the sum will be ■^, The Addition of Vulgar 
Fractions is performed, then, by reducing them to the same dc' 
nomination, and adding the numerators. 



* Thus if we add 1 shilling to 2 pence, it will make neither 8 shillings nor 8 
pence. But reduce the shilling to pence, and we shall have 12 pence, which 
added to 2 pence makes 14 pence. We must, then, reduce th6m to the same 
denomination^ in order to add them ; and so we must reduce fractions to the 
same denominator, before we can add them together. 
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MULTIPLICATION OF VULGAR FRACTIONS. 

2. Multiply ^\ by f . From the meaning of the word multi' 
ply, we are required in this example, to find what J- of yV amounts 
to. For this purpose we are very properly directed by the books 
to multiply the numerators together for a new numerator, and the 
denominators together for a new denominator; thus tVX?=4\ 
=^ ; that is, 3 times 1 equals 3, and 4 times 12 equals 48. 
And the product of yV ^7 I ^^ A which equals '^. Now let us' 
illustrate the propriety of this operation by means of the solids. 
Take the solid of a shilling for a unit, and one of the solids of a 
penny will be the -^ \ and one of the farthing solids will be \ of 
this solid of a penny, or ^ of -jJj ; two of the farthing solids will 
be f of T^y ; and 3 of the farthing solids will be | of -j^^. Now 
the assertion is, that f of ^ is equal to -^^ which equals ^ ; 
that is, if we take 48 of the farthing solids, or 48 of our one 

fourths of-^y they will equal the shilling solid, or one unit ; and 
3 of the same farthing solids, or f taken 16 times, will amount 
to the same thing, as taking one of them 48 times, because 16 
times 3 makes 48 ; or the product of yV multiplied by | is ^, or; 
which is the same thing, •^. 

SUBTRACTION OF VULGAR FRACTIONS. 

3. Subtract ^ from ^^. Take the solid of ten thousand for 
the unit. Then a solid of a shilling will be |, and a solid of a 
thousand will be -^^^ and 7 of these thousand solids will be -j^. 

^ We may reduce the ^ to the same denominator with the -j^^, by 
taking 5 of the thousand solids, which are equal to the shilling 
solid, which is ^ or ^ of our unit. If, then, we take 5 of the 
thousands from 7 of the thousands, we have left for the remain- 
der 2 of the solids of thousands, or f^, on the subtraction of ^ 
from ^, 

DIVISION OF VULGAR FRACTIONS. 

4. Divide ^ of -^ by yj^. In the illustration of this example,, 
let the solid of a hundred thousand be the unit. In the first 

10 
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place, we will ascertain, what the f of ^ are eqaal to :* and by 
multiplying the numerators in these two fractions, for a new nume- 
rator, and the denominators for a new denominator we have 77 X 
■r=roTJ' '^^^^^ is, if we take one of the shilling solids for the 
30th part of our unit, ^ of this -^^ will be 3 of the hundred solids, 
which are in fact, j^j^ of one unit, viz. the solid of a hundred 
thousand. We have then, yg^ to be divided by y^^j : now one 
of the hundred solids is evidently contained in 3 of the hundred 
solids 3 times ; which confirms the direction of the Rule, which 
tells you, that in dividing Vulgar Fractions hy each other ^ you 
must invert the divisor, and proceed as in multiplication. Thus, 
^j^X-^f^==rJJ, or 300 hundredths, which are the same thing 
as three solids of a hundred thousand. For there are 100 of 
the solids of a hundred in the solid of a hundred thousand, 
and 300 of these solids must, therefore, be equal to 3 solids of a 
hundred thousand ; so that, if we divide ^ of -^^ by j^ , the 
quotient will be 3. T 

DECIMAL FRACTIONS. 

That class of Fractions, which we have already considered, are 
called Vulgar Fractions, in consequence of their common use. 
We now come to that class of Fractions, which on account of 
their regular diminution by ten, from a unit, are termed. Decimal 
Fractions, If, for instance, we divide our one, or unit, into tenth 
parts, hundredth ipsurtsf thousandth parts, &c., these fractions, one 
tenth, one hundredth, one thousandth, &c., are called decimals, 
because one hundredth is the tenth part of one tenth, one thou- 
sandth is the tenth part of one hundredth, &c. 

In our illustrations of Decimal Fractions, we shall make the 
solid of ten thousand,\ the unit ; the solid of a hundred thousand 
will, of course, be the ten, the solid of a thousand will be the 
tenth, the solid of a hundred will be the hundredth, the solid of 
ten will be the thousandth, and the solid of a unit will be the 

* This 3 of 1 is what is commonly called, a Compound Fraction, ov a 

Fraction of a Fraction, 

t The pupil will now be able, by the instructions already received in the 
use of the solids, to suggest and illustrate other examples in Vulgar Fractions, 
at his own discretion. 

X By some inadvertence, the delineation of the solid of a shilling was erro- 
neously made in Plate XV. Figures 2 and 3, instead of the delineation of the 
folid of ten thousand. The pupil, however, can easily rectify tbif mistake. 
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tenth of> a thousandth. See Plate XV. Figure 2. The 6 marks, 
11,1111, are written above the solids, with the separatrix be- 
tween the 4th and 5th place frbm the right. Then beginning 
at this 5th place from the right, we say, in numerating, units, and 
then going to the left, tens ; then, leaving the unifs place on the 
left, proceed towards the right, we say, tenths, hundredths, thou- 
sandths, tenths of thousandths. By dividing the solid of a uij»it 
into ten equal parts, we should have hundredths of thousandths, 
and one of these ten parts into ten equal parts, we should have 
millionths, and so on. We shall, however, be able to convey to 
your mind a perfect understanding of the principles of Decimal 
Fractions, if you strictly attend to the illustrations which we shall 
make, by means of the six solids delineated in Plate XV. Figure 
2. ' You see then, that decimals increase and diminish in the 
same manner, in which the value of the places in the simple 
rules of whole numbers increase and diminish, so that, in adding, 
subtracting, multiplying and dividing Decimal Fractions, we 
" carri/ and borrow " for ten. 

We shall, in the first place, teach you how to write and read 
Decimal Fractions. Example 1. Write in figures, twenty- 
Jive hundredths. Now if you were required to write twenty-five 
bushels, for instance, you would find no difficulty in so doing. 
You would simply set down 25 ; and to signify, that this 25 
meant twenty-five bushels, would write the word bushels at the 
right hand of the 25 ; thus, 25 bushels. In the same manner, 
to write twenty-five hundredths, you set down 25. But you need 
some word or mark, to show, that this 25 means, 25 hundredths. 
Now you might, write hundredths at the right hand of the 25, 
thus, 25 hundredths, to signify, that the 25 meant twenty-five 
hundredths, just as you did the word bushels at the right hand 
of 25, to make the 25 signify twenty-five bushels. But there is 
a more convenient way than this, to make the 25 mean twenty- 
five hundredths. The 25 is, in the first place, written down pre- 
^ cisely as if you intended to write twenty-five of anything else, as 
twenty-five bushels, twenty-five apples, or twenty-five anything. 
Now the only thing for you to ascertain is this, what sign or mark 
you should make, in order to signify that your 25 means twenty- 
Jive HUNDREDTHS, and not 25 something else. This sign or 
mark, which we write to signify hundredths, is simply a comma, 
( , ). The question then is, where this comma should be placed. 
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in order to signify hundrecUhs, Now this comma is always put, 
in Decimal Fractions, between the place of tenths^ and the place 
of units; thus, 1,1, is read 1, or 1 unit, and 1 tenth. We must, 
therefor^, ascertain in every instai^ce, where this place of tenths 
will occur. If we numerate the places, as their values are illus- 
trated by the solids in Plate XV. Figure 2, we say, in the 
first place, units, tens, for the whole numbers; then for the 
fractions, tenths, hundredths, thousandths, tenths of thou- 
sandths ; or we may begin at the tenths of thousandths, 
and going from right to left, say, tenths of thousandths, 
thousandths, hundredths, tenths, units, tens, and we may also 
begin at the tenths of thousandths, and say, units ; but this unit 
is the unit of tenths of thousandths ; for the smallest solid in this 
instance, represents one tenth of a thousandth, or one or the unit 
of a tenth of a thousandth. After thus saying unit, meaning 
the unit of the tenth of a thousandth^ we may call the next 
solid to the left ten, but it will be ten o£ tenths of a thousandth; 
the next solid will be a hundred, but a hundred of tenths of a 
thousandth ; and the last solid on the left in the fraction, will be 
a thousand, but a thousand of tenths of a thousandth. So that 
we shall have, in the fractional part of the solids, as delineated 
in Plate XV. Figure 2, one thousand tenths of a thousandth, and 
one hundred tenths of a thousandth, and ten tenths of a thou^ 
sandth, and one tenth of a thousandth, which make in all one 
thousand one hundred and eleven tenths of thousandths, thus writ- 
ten, ,1 1 11 ; or, 1 111 with the comma before the 1 at the left hand 
place, or before the 1 tenth ; which 1 tenth is the same thing as- 
1 thousarid tenths of thousandth. Now we may determine where 
the comma should be placed with regard to our 25, to signify 
hundredths : for the 5 is units of hundredths, and the 2 is tens 
of hundredths, and 1 ten hundredths is the same thing as ten 
hundredths, and ten hundredths are the same thing as I tenth;* 
and 2 ten hundredths, are the same thing as 20 hundredths; 
which 20 hundredths, with 5 hundredths, make 25 hundredths ; 
so you see units of hundredths, are the same thing as hundredths, 
and tens of hundredths are the same thing as tenths. Now we 
may numerate our 25, calling our 5 units of hundredths, and 
our 2 tens of hundredths ; or thus, which amounts to the same 

* Of this and siiriiiar facts, the pupil may be satisfied by measurihg the 
solids, which denote the respective fractions, by each other. 
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thing ; saying, hundredths, tenths, and then putting our comma 
before the tenths, our 25 hundredths will stand thus, ,25. 

Example 2. Write in figures, the Decimal Fraction, forti/ 
four thousandths. Set down the forty-four, thus, 44, as if you 
wished to write forty-four anything. Your right hand 4 will be 
in the uniVs of thousandths place, or, which is the same thing, 
in the thousandths place. The other 4 will, of course, be in 
the ten's of thousandths place, or, which is the same thing, in 
the hundredth's pkice, and the next place to the hundredth's 
place, is the tenth'js place. Now we must put a cypher in the 
tenth's place to signify, that there are no tenths, and then before 
the tenth's place, put the comma; and onr forty-four thousandths 
will appear thus, ,044. 

Example 3. Write in figures, one tenth of a thousandths 
We write our 1, just as we should, to express one of anything 
else. Then say, tenths of thousandths for the 1, then thousandths, 
then hundredths, then tenths ; and as there are no thousandths 
no hundredths and no tenths, we put cyphers in each of their 
places, to signify no thousandths, no hundredths, and no tenths, 
and then the c<Hnma, and our one tenth of a thousandth will 
be written thus, ,0001. 

Example 4. Write in figures, twenty-four millionths. Write 
the 24 ; then beginning with the 4, say, millionths ; then, for 
the 2, say hundredths of thousandths ; then tenths of thousandths^ 
then thousandths, then hundredths, then tenths. Since there are 
no tenths of thousandths, no thousandths, no hundredths, and no 
tenths, put cyphers in their places, to signify no tenths of thou- 
sandths, no thousandths, no hundredths, and no tenths, and after 
the no tenths, the comma. Your twenty-four millionths will 
then stand thus, ,000024. 

Example 5. Write in figures, two hundred and fifty-six tenths 
of thousan<Uhs. Write your 256 as usual, then in numerating, say, 
for the 6, tenths of thousandths ; for the 5, thousandths ; for the 2, 
hundredths ; then tenths ; but because there are no tenths, you 
write a cypher, to signify no tenths, then the comma. The two 
hundred and fifty-six tenths of thousandths will then stand thus, 
,0256. 

The accuracy of this mode of writing Decimal Fractions 
depends, as you see, on the fact, that, (taking the last example 
for illustration,) the 6 tenths of thousandths are the same thing 
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as 6 units of tenths of thousandths ; the 5 thousandths are the 
same thing as 5 tens of tenths of thousandths ; the 2 hundredths 
are the same thing as 2 hundreds of tenths of thousands ; and the 
no tenths are the same thing as the no thousands of tenths of 
thousands.* 

Example 6. Write in figures, two hundred and forty-four 
thousand in whole numbers, B,nd annex one hundredth in decimals. 
The figures will be 244000,01. You here write the whole num- 
ber first, ' then the decimal. If you were required to write in 
figures, two hundred and fifty thousandths, the figures would be 
,250. But since 25 hundredths are the same thing as 250 thoU' 
sandths, you had better, in this, and all examples of the kind, in 
which, on writing them, there is a cypher at the right, obliterate 
this cypher at the right, for ,25 will express the same decimal 
as ,250.t 

Afi,er these examples in uniting, you will have little difliculty 
in reading Decimal Fractions. 

Example 1. Read in words the decimal ,289. This collec- 
tion of figures, 289, with the comma before it, is, of course, to be 
read, two hundred and eighty-nine ; but two hundred and eighty- 
nine what 7 This is to be determined by numerating these 
figures beginning with the tenths. The 2 then is tenths, the 8 is 
hundredths, and the 9 is thousandths. The decimal ,289, there- 
fore, is read two hundred and eighty-nine thousandths. We 
read, then, the 289 just as we should two hundred and eighty- 
nine anything else, and we ascertain what to call it, by numer 
rating as above. 

Example 2. Read the decimal ,0034. This is 34 something ; 

* The subject of Decimal Fractions is rendered miserably obscure and 
perplexing in most of the Books on Arithmetic, by calling the tenth of a 
thousandth, ten thousandths, and by similar errors of phraseology in other 
parts of fractional numeration. Ten thousandths amount, evidently, to one 
hundredth^ or to a hundred times as much as the tenth of a thousandth ; 
to express which idea, the phrase ten ihousandthsy is used, after which the 
next place is called hundred thousandths, instead of the hundredth of a thou- 
sandth ; whereas a hundred thousandths is manifestly equivalent to one tenth, 
which is ten thousand times as much as the hundredth of a thousandth : and 
it is, certainly, not very astonishing, that a learner of tender years, should be 
somewhat puzzled in Decimal Fractions^ when the majority of our school- 
books on Arithmetic, are " ten thousand leagues awry** at the very threshold 
of the subject. 

t The pupil may here be able to appreciate the amount of the formidable 
proposition, that cyphers have no meaning, when written at the right hand 
ofBedmat Fractions. 
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and to determine what, we say, for the first cypher at the left, 
tenths , for the second cypher, hundredths, for the S, thousandths, 
an,d for the 4, tenths of thousandths* The 34 is, therefore, 
thirty-four tenths of thousandths. 

Example 3. Read the decimal ,0349789234. In this, and 
other instances, where the number of figures is large, we may 
ascertain how they should be read as whole numbers, by Numera- 
tion, beginning with the right hand figure. The 4 is units ; the 
3, tens ; the 2, hundreds ; the 9, thousands ; the 8, tens of thou^ 
sands; the 7, hundreds of thousands. Here we complete a 
period in numeration, and it will be well to point it off, by placing 
a comma at the top,* between the 7 and the 9. The decimal 
will then stand thus, ,0349789234. The 9 of the second period 
will be units of millions ; the 4, tens of millions, and the 3, hun^ 
dreds of millions. The figures, then, in whole numbers would 
be read, three hundred and forty-nine millions seven hundred and 
eighty-nine thousand two hundred and thirty-four ; and so they 
are to be read in Decimal Inactions. But three hundred and 
forty-nine millions seven hundred and eighty-nine thousand two 
hundred and thirty-four what ? To answer this question cor- 
rectly, we begin at the tenth's place, or at the left hand, and 
numerate towards the right, thus, the is tenths ; the 3 is hun- 
dredths ; the 4 is thousandths ; the 9 is tenths of thousandths ; 
the 7 is hundredths of thousandths ; the 8 is millionths ; the 9 is 
tenths of millionths ; the 2 is hundredths of millionths; the 3 is 
thousandths of millionths ; and the 4 is tenths of thousandths 
OF MILLIONTHS. The fractiou, therefore, is read, three hundred 
and forty-nine millions seven hundred and eighty-nifie thousand 
two hundred and thirty-four tenths of thousandths of mil- 
lionths. 

From the illustration afforded by these examples, the principles 
involved in the writing and reading of decimals, must be suffi- 
ciently obvious. The learner can multiply instances at pleasure* 

We will now proceed to illustrate the Addition, Multiplication ^ 
Subtraction and Division of Decimal Fractions, 

* To prevent its being confounded with tlie comma, or the separatrix, of 
the decimal. 
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ADDITION OF DECIMAL FRACTIONS. 

Add 1,25 to ,06. In this example, we have to add 1 unit, 2 
tenths, and 5 hundredths, or one and twenty-five hundredths, to 
6 hundredths. See Plate XV. Fignre 3. We say 6 hundredths 
and 5 hundredths make 1 1 hundredths ; set down 1 hundredth, 
and for the remaining 10 hundredths substitute I tenth, carrying 
it to the tenth's place. Then say 2 tenths, and 1 tenth we carry 
from the hundredth's place, make 3 tenths. We set down the 1 
unit, and the sum of 1,25 and ,06 is thus found to be 1,31 ; that 
is, 1 unit, 3 tenths and 1 hundredth, or 1 and 31 hundredths. 

Example 2. Add together ,005 and ,006. 

Example 3. Add together 2,3456 and ,0005. 

Example 4. Add together 1,009 and ,256. 

Example 5. Add together ,309 and ,001. 

Example 6. Add together ,0001 and 1,0009. 

MULTIPLICATION OF DECIMAL FRACTIONS. 

Multiply ,45 by ,5. We have, in this example, 4 tenths and 
5 hundredths, or 45 hundredths, to be multiplied by 5 tenths. 
See Plate XVI. Figure 5. We say, in the first place, 5 times 5 
make 25 ; but 25 what ? To determine this, we must consider, 
that we multiply 5 hundredths by 5 tenths. Now if we multiply 
1 hundredth by 1 tenth, that is, take one tenth of one hun^ 
dredthj the result or product will be 1 thousandth ; for 1 thoU' 
sandth is the tenth part of a hundredth ; if we multiply 1 hun- 
dredth by 2 tenths the product will be 2 thousandths ; if we 
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will be 2 hundredths ; that, if we multiply 2 tenths by 2 tenths, 
the product will be 4 hundredths ; and, that, universally, if we 
multiply tenths by tenths, the product will be hundredths. Our 5 
times 4, therefore, produce 20 hundredths, because tenths multi- 
plied by tenths produce hundredths ; and, if to these 20 hun- 
dredths we carry the 2 hundredths from the thousandth's place, 
we shall have 22 hundredths, or 2 tenths and 2 hundredths, 
which we set down. We, then, have 2 tenths 2 hundi;edths and 
5 thousandths, or 225 thousandths, for our product of ,45 multi- 
plied by ,5. By using the figures, we say 5 times 5 are 25 ; set 
down the 5 and carry the 2, and say 5 times 4 are 20 and 2 we 
carry makes 22, and setting down the 22, we have the figures 225 
in our product. Now we are directed in the Rule for the Multi- 
plication of Decimal Fractions, " to multiply precisely as in 
whole numbers f and point off as many figures from the right in 
the product for decimals, as there are decimal places both in 
the multiplier and multiplicand." In the present instance, we 
have two places of decimals in the multiplicand, and one in 
the multiplier, making three places of decimals in both. So that 
we point off three figures from the right, and our product will 
stand thus, ,225, which exactly corresponds with the illustration 
we have given with the solids. 

Example 2. Multiply ,3 by ,2. See Plate XVI. Figure 2. 
We say here, twice 3 make 6 ; and the 6 is 6 hundredths, 
because we multiply tenths by tenths. But, if we say in the 
figures, twice 3^ are 6, and set down our 6, we have only this one 
figure 6 in the product, and we are required by the rule to point off 
two figures in the product for decimals, because we have two 
places for decimals in the multiplier and multiplicand. To 
remove this difficulty, the Rule directs, that, if all the figures in 
the product are not so many as the decimal places in the multi- 
plier and multiplicand, the deficiency must be supplied by prefix- 
ing cyphers. - We therefore prefix one cypher to the 6, and then 
we can point off as many places for decimals in the product as 
there are both in the multiplier and multiplicand. Our product 
will then stand ,06, which corresponds with the illustration with 
the solids. 

Example 3. Multiply 2,005 by ,35. 

Example 4. Multiply 1,24 by 1,4. 
11 
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SUBTRACTION OF DECIMAL FRACTIONS. 

1. Subtract ,004 from ,233. Here we have 4 thousandths 
to take from 2 tenths 3 hundredths and 3 thousandths ; or 4 
thousandths from 2 hundred and 33 thousandths. See Plate 
XVI. Figure 1. We say 4 thousandths from 3 thousandths we 
cannot take ; but, if we take 1 of the 3 hundredths and convert 
it into 10 thousandths, we shall have 2 tenths 2 hundredths and 
13 thousandths. Now we may say 4 thousandths from 13 thou- 
sandths leave 9 thousandths ; set down our 9 thousandths, and 
say no hundredths from 2 hundredths (for our three hundvedths 
have become tu>o hundredths) leave 2 hundredths. Setting down 
the 2 hundredths, we say no tenths from 2 tenths leave 2 tenths. 
Setting down the 2 tenths, we have, for the remainder of ,004 
subtracted from ,233, 2 tenths 2 hundredths and 9 thousandths, 
or 2 hundred and 29 thousandths, or-as expressed in figures ,229. 

2. Subtract ,003 from ,2. Here we have to take 3 thou- 
sandths from 2 tenths. See Plate XVI. Figure 3. We say 3 
thousandths from nothing we cannot take ; but we convert 1 of 
the 2 tenths into 10 hundredths, leaving 1 tenth ; then con- 
vert 1 of these 10 hundredths into 10 thousandths, leaving 9 
hundredths, and then we have 1 tenth 9 hundredths and 10 
thousandths, or, which is the same thing, one hundred and ninety^ 
ten tkousandthsy equal to 2 tenths, or ttoo hundred thousandths. 
Then we may say 3 thousandths from 10 thousandths leaves 7 
thousandths, no hundredths from 9 hundredttis leaves 9 hun- 
dredths, and no tenths from I tenth leave 1 tenth. We then 
have 1 tenth 9 hundredths and 7 thousandths, or 197 thousandths, 
for our remainder, or as expressed in figures, ,197, resulting 
fi-om the subtraction 6f ,003 from ,2. 

Example 3. From 2,0003 subtract ,1. 

Example 4. From ,1 subtract ,0001. 

Example 5. From 3,45 subtract ,0023. * 

Example 6w From 1, subtract ,1. 

DIVISION QF DECIMAL FRACTIONS. 



Divide ,225 by ,5. See Plate XVI. Figure 4. Now we 
eannot divide 2 tenths by 5 tenths, because 5 tenths are con« 
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tained in 2 tenths no times. If we divide the 22 hundredths in 
the dividend by 5 tenths the quotient will be 4 ; but 4 what 1 
To answer this question correctly, we must consider, that, if we 
divide 1 hundredth by 1 tenth, the quotient will be 1 tenth ; that 
is, 1 tenth is contained in 1 hundredth 1 tenth of a time ; that, if 
we divide 4 hundredths by 2 tenths, the quotient will be 2 tenths, 
that is, 2 tenths are contained in 4 hundredths 2 tenths of a time; 
that, if we divide 6 hundredths by 2 tenths, the quotient will be 
3 tenths, that is. 2 tenths are contained in 6 hundredths 3 tenths 



Digitized by 



Google 



84 

the quotient reBulting from the division of ,225 by ,5 will stand tbosi 
,45, which; agrees with the result of the illustration by the solids. 

Example 2. Divide ,125 by ,25* 

Example 3. Divide ,245 by ,7. 

Example 4. Divide ,4356 by ,66. 

PROPORTION, 

OB 

THE RULE OF THREE. 

The chief obstacle which occurs to the pupil in ^e study of 
the RuLB OF Three is, that he does not understand the reasoil 
tthy, when he multiplies the third term by the second, and divides 
by the Jirst, the quotient of this division should be the fourth 
term of the Proportion. He is, indeed, aware of the fact, that, if 
according to . the Rule, after stating the question, he muUifUes 
the third and second terms together, and divides the product by 
the first term, he will literally fulfill ih^ prescription, and pefferm 
the required operation. But the reason of this proceeding h^ 
does not comprehend. We will give one example, and the pupil 
will at once see the principle on which the operation prescribed 
in the Ruh is b^sed. If 10 dollars be the interest of 100 dollars, 
of how many dollar^ will 1000 bo the interest. The answer will 
be 10000 dollars. To show the principle in question by this 
example, let the solid of ten represent the 10 dollars, the solid of 
a hundred the 100 dollars, the solid of a thousand the 1000 
dollars; and the solid of ten thousand^ the ] 0000 dollars, or the 
answer. Place these solids in their proper order on your table, 
beginning with the solid of /en, and proceeding towards the right, 
as the four terms of a proportion are usually placed. See Plate 
XVII. Figure 1. . The first of these solids bears the same pro- 
portion to the second, as the third does to the fourth; or the first 
is contained the same number of times in the second, as the third 
is in the fourth. Let us, then, see how it is, that multiplying the 
third by the second, and dividing by the first,, will produce the 



* The learner will perceive, that Jthe delineation of the solid of a shilling has 
heen erroneously placed in the first Figure of Plate XVII. instead of the solid 
often thousand. 
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fmrth. The fiiBt is 10, the tsecood 100, the third 1000, the 
fourth 10000. If we multiply the third, which is a thousand^ by 
the second, which is a hundred, the t>i'oduct will be a hundred 
thousand, and will be represented by the soHd of a hundred ihou^. 
sand, a delineation of which you see in Plate XVII. Figure 1, at 
the right of the 10000 solid. Now, if you divide this solid of a 
hundred thousand into ten equal parts, or, in other words, divide* 
it by the first term of the proportion, each of those parts wiH be 
ten thousand,. YiYiioh is the ^t^r^A term. This example illustrates 
the principles of what is called in the books the Rule of Thru 
Direct, To explain the nature of the Rule of Three Inverscf 
we haVe only to put the solid of the thousand for the ^rs^ t^rm, 
^e solid of ten for the third term, and the solid of a hundred for 
the second term* Now it is evident, that if we multiply the 
thousand by the hundred, that is, ihe first term by the second, the 
product .will be 100000, as represented by the hundred thousand 
soUd, If this solid of 100000 be divided into 10 equal parts, or, 
in othiar words be divided by the third term, one of those parts will 
be ten thousand, or the fourth term. This is precisely what 
takes place in the Rule of Three Inverse, The first term is 
multiplied by the second, and the product divided by the third 
4#rm ; and the quotient will be the fourth term. You may see 
the Rule of Three Invehe, as well as the Rule of Three Direct, 
illustrated in Plate XVII. Figure 1. 

THE ROOTS. 

The Roots have always presented a subject of great difficulty 
to the student. The explanations of them, as giv^n in many of 
the books on Arithmetic, are very clear, if properly attended to; 
but the mind of the pupil is too often perplexed with a multitude 
of demonstrations, which, in their nature, imply a degree of 
mathematical knowledge, far beyond the attainments or the years 
of most young persons, to whom the subject of evolution, if illus- 
trated in a proper manner, might be made perfectly intelligible. 
The difficulty seems not to be, to know what is meant by a square 
or a cube. It is entirely conceivable to almost any learner, that, 
if we wish to ascertain the length of the side of a square or the 
square root of a given number, we must find the number which 
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multiplied once into itself will amount to tbe superficial contents 
of said square, or proiiuce the given number, and that, if we would 
know the length of one side of a cubical block, or the cube root 
of any number, we have only to obtain the number which multi* 
plied tunce into itself, will denote the solid contents of the block, 
or the cube root of the proposed number. These matters are exceed- 
ingly well explained in the Arithmetics of Adams and Smith, not to 
mention others of deservedly high reputation. But after all, there 
comes a Rule for extracting the Square Root, and a Ruk for 
extracting the Cube Root, which my own observation of the intel- 
ligence of Hie scholars in some of our best seminaries on thei^ 
subjects, has convinced me, are very imperfectly understood in 
conBectian with those principles of evolution, which are so weU, 
demonstrated in the treatises referred to. We will then takq 
these Rules for the extraction of the Sqaare and Cube Roots, 
article by article, and exhibit the reasom (m which they are 
respectively founded. 

THE SQUARE ROOT. 

To obtain the square root of a number, we are directed iii the 
first place, "to pointaf said number, into periods of two figures 
each, by putting a dot over the units place, the hundreds Opiate, 
and so on from the right hand to the left" To understand the 
reason of this pointing off the number, the root of which is 
required, into periods of two figures each, we must consider the 
nature of Numeration. We shall thus see, that the squares of 
units, vfiM be units, for units multiplied by units produce units. 
If, for instance, we multiply 2 units by 2 units, or find the square 
of 2 units, tbe result will be 4 units; and if we multiply 9 units 
(the highest number of units^*) into 9 units, the result will be 
eight one units ; - or, to speak in entire consistence with tbe 
phraseology of Numeration, 8 tens and 1 unit. Now the object 
o£ pointing off is, to indicate the number of figures which will 
be contained in the root. We see, that the squares of units will 
be units, or units and tens. Therefore, since finding the square 

* We pursue the philosophy or rationale of our system of Notatieu, end 
mean, of course, the units in the unifs place. 
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root of a nombery is merely the reverse of multiplying this num* 
Iber into itself, and thereby producing the square ; if the num* 
ber of which it is required to find the square root, be units, or 
units and tens, this square root will be units, that is, there 
win be just one figure in this root So if we wish to obtain the 
square root of units, or units and tens, we place oyr point over 
Uie units \o signify that there will be one figure in the root thus^ 
4, ^^ 81, and so of a»y other number under one hundred. 
Again, if we multiply one ten by itself, (and 1 ten is the next 
after 9 units in our system of Numeration,) its product or square 
will be one hundred; or if we multiply 9 tens and 9 units, or 99 
by itself, (which is the highest number before we come to hun- 
dreds,) the product or square will be 9 thousands, 8 hundreds, 
no tens, and 1 unit, or 9801. And thus, if a number, of which 
the square root is to be extracted, be less than ten thousand, and 
more than 99, the root we know will consist of two figures. In 
this number 9801, (and in a similar manner for any other Bam-> 
ber over 99 and under 10000) we place a dot over the unit's 
place, and over the hundred's place thus, 980i, to show, that 
the root will consist of two places, one for tens and the other for 
units* Once more ; if we multiply 1 hundred by itself, (and 1 
hundred is next to 99,) the product or square, will be I ten thou*- 
sands; lor hundreds multiplied hy hundreds produce tens of 
thousands ; or if we multiply 999 by itself, (which is the highest 
number before we come to thousands,) the product or square will 
be 99 tens of thousands, 8 thousands, no hundreds, no tens, and 
1 unit, or 998001. Therefore if the number, of which we are- 
required to find the square root, be over 9999, and less than I 
milHon, we know, that the root will consist of three places, viz^ 
hundreds, tens and units, and we accordingly point off the num*^ 
ber thus, 998001 ; putting a dot over every second figure begin^ 
ning with units. We might thus go on, and prove by squaring 
1 thousand and 9999, 10 thousand and 99999, that, fvem tho' 
nature of our system of Notation, which is merely the language 
of figures,^ it will invariably happen, that we must point olT 
every second figure beginning with units, to denote the number 
of places, at which the root will consist. 

If then, we take, for. example, the number 22, and square it„ 
this square will amount to 484. To illustrate this^ let the square 
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in Plate XVII. Figure 3. A.,* be supposed to measure 22 ieet on 

each side. The contents of this square will be 484 square feet, 

and are ascertained by multiplying 22 by itself Now if we 

wish to find the length of one of these sides, when we know only 

what the square contents are, we extract the square root of 484. 

This number therefore, we point off into periods of two figures 

each, thus 484. We thus see that the root, or one of the sides 

of our square, will consist of two places, units and tens. We 

are in the next place, directed by the rule, •* To find the greatest 

square in the left hand period, and to place the root of this 

square on the right hand of the number, whose root is to be eixh 

tracted, like a quotient in Division" Now the greatest square in 

the left hand period, is, in this example 4 hundreds, produced by 

multiplying 2 tens by itself These 2 tens we put to the right of 

484 for the first figure of the root. We subtract the 4 hundreds, 

the square of this 2 tens from the left hand period, as we are 

further directed by the rule, and find that nothing remains. 

We have thus the square root of all our hundreds in the 484. 

If we take away these 400 square feet of the Figure A. in Plate 

XVII. Figure 2, we shall have 84 square feet remaining, of the 

whole superficial contents of the Figure A., or of 484 square 

feet. This remainder of 84 square feet, consists of two pieces 

of 20 feet long and 2 feet wide each, as Figure C. in the same 

Plate and Figure, and one piece measuring 2 feet by 2 as Figure 

D. in the same Plate and Figure. All these may be expressed in 

figures thus, 20X2X2=80, an*2x2=4. The 80 feet added 

to the 4 feet equal 84 feet, which completes the square of 484. 

Now we are required by the Rule, after we have subtracted 

the square of the first figure of the root firora the left hand period, 

" To bring down the next period to the right hand of the remain-^ 

der,for a dividend^* in this case the remainder is nothing. Our 

dividend then, is 84, or the remainder of the square. We are 

here diiected by the Rule, " To double the figure of the root 

already found, and to place it at the left hand of the dividend 

for a divisor" In observing this direction, we merely write the 

length of both the side pieces of the whole square A. exclusive of 

* The solid of a hundred may denote the Figure B. 20 feet by 20, the 
solid of a ten the Figure C, and the solid of a unit the Figure D., in Plate 
XVU. Figure 2. 
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the small piece at the upper right hand corner^ which is 2 feet 
long and 2 feet wide. The whole length of both these side 
pieces will be 20-j-20=40 feet.* We are lastly directed by the 
Rale, ** To place such a figure at the right of the divisar, as mtdti- 
plud into the divisor thus increased, will make a product equal to, 
or next less than the dividend" We, therefore, in compliance 
with thk direction, annex 2 to the 40, or 4 tens, which make 42. 
For we hare 84 as the superficial contents of the remaiad^ of 
the square A, whose contents are 484 feet, after 400 feet, or a 
square' equal to the figure B, are taken^ away. Now these 84 
feet are contained in the 2 side pieces and the sumlII square at 
the upper right hand corner of the Figure A. Theae two side 
pieces spread out into one figure, or parallelogram, would be 
represented by putting together twice the Figure C, and once the 
Figure D, as in Figure F. This Figure F, then, would be 42 
feet long, and being 2 feet wide, would make out our 84 feet 
remaining of the whole square A ; and if we multiply our divisor 
42 into the 2 units, which is the next and last figure of the 
square root of 484, it will exactly make 84, the said remainder. 
So that, to make up the whole square A, of 484 feet, we have the 
Mowing items. The square B, of 400 feet, the two side pieces 
each signified by the Figure C, of 20 feet long and 2 feet wide, 
making 80 feet, and the comer piece, denoted by D, 2 feet square 
— ^which makes 4 square feet. These items may be suQuned 
up briefly as follows. 

^ Figure 8=30X20=' 400 feet. 

' Twice Figure C=aOX8X2= 80 
Figure D=^x2= 4 

484 
of which we have found 2 tens and 2 units, or 22, to be the 
square rootJ\ 



* For 2 teosor 20 is the first figure of the Root. . 

t In the illustration of the principle of the Square Root, as directed in a 
previous note, we use the solid of 1 hundred to represent the superficial con- 
tents of 400 feet ; two of the ten solids for the two side pieces of 20 feet 
long, and 2 feet wide each to represent the 80 feet, and a unit solid for Ui& 
comer piece of 2 feet hy 2, or 4 square feet, which completes the square. 

12 
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THE CUBE ROOT. 

To find the cube root of any number, we are directed by the 
Rule, in the '' first place, to point off the number into periods 
of three figures each, beginning with the unit's {dace." To 
know WHY t0e point off in this manner in the Chiie Root, we 
must attend to the fdlowing considerations. If we multiply 9 
nnits by itself twice, that is, if we cube 9 units, (which is the 
highest number of units next to 1 ten,) the product, or the cube, 
will be 7 hundreds 3 tens and 9 units, or 729. In all numbem 
less than 1 thousand, therefore, the cube root will cpnsist of one 
figure. For, by finding the cube root of a number, we only 
mean to find such a number as, multiplied into itself twice, will 
exactly produce that number ; and if the root consist of more 
than one figure, the cube will not be less than a thousand. So 
that, in all numbers which are less than a thousand, the cube 
root must necessarily consist of one figure. Now, to find the 
cube root of 729, we put a dot over the unit's place, thus, 729, 
to show that the root will contain one figure, and so of all num- 
bers less than 1 thousand. Again, the cube of 1 ten will be 
1000, and the cube of 9 tens and 9 units, or 99, (the lughest 
number next to hundreds,) is 9 hundred thousands 7 ten thoa- 
sands no thousands 2 hundreds 9 tens and 9 units, or 970299. 
In all numbers, therefore, less than 1 million, and over 999, the 
cube roots will consist of two figures. If we are required then 
to find the cube root of 970299, we point it off thus, 970299 : 
beginning with the unit's place and putting a dot over every third 
figure, to denote that the root will consist of twd figures, and 
thus of any number over 999 and less than 1,000000. If we 
find the cubes of 999, the next highest number to 1000, and 9999, 
the next highest number to 16000, we shall find, that to obtain 
the cube roots of these cubes respectively, we must point off 
said cubes into periods of three figures each, beginning with 
units, according to the Rule. If we would for example, find 
the cube root of the number 10648, we point off this number 
into periods of three figures each, thus 10048. We are then 
directed by the Rule, " To find the greatest aihe in the left 
hand period, and place its root on the right hand of the number, 
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whose root is to be extracted, like a quotient in Division, for the 
first figure of the root" The greatest cube in the left hand period 
of this example is 8, that is, 8 thousands, and the root of this 
8 is 2, or two tens, for the cube roots of thousands are tms; 
since if we cube I ten, it makes I thousand. Let this cube of 
8000 be represented by one of the solids of a thousand, sup- 
posing this solid to be 20 feet on a side. It will, of course, 
contain 8000 solid feet; for'20X20x20==8000. We are then 
required by the Rule ** To subtract this cube from the first 
period, and bring down the next period for a dividi^nd*" This 
subtraction of the 8 thousands, will leave 2648, of which we 
are required to find the cube root, in order to make up the whole 
cube root of 10648. Now this 8000 solid feet, which is thus 
taken away from the 10648 solid feet, may be represented by the 
solid of a thousand, as you see in Plate XVII. Figure 3, A, which 
we will suppose to be 20 feet long, 20 feet broad, and 20 feet 
thick; and 20X20X^0»8000, the solid contents of the block 
•A, of which the 2, that is, the 2 tens, or 20 feet, forming the 
first figure of the cube root of the number 10648, is one side. 
We are next directed by the Rule, "To multiply the squaee 
of this figure of the root by 300, and to call the product the 
DIVISOR.'' This divisor is made up of the square contents of 
three solids of 20 feet square each, which must be added to the 
solid A, towards making up the whole cubic block D, in the 
aame Plate and Figure, whose whole cubic contents are 10648 
feet ; and each side of which measures 22 feet. We represent 
each of these squares (which t«^en together are called in some 
bookjs the triple squares) by a solid of a hundred. These three 
squares taken together, will amount to 1200 square feet : for 
20X20=400, the square contents of one of them, and 400X3= 
1200, the square contents of the three. This square content of 
the three squares may be found quite conveniently, by squaring 
the 2 tens in the first figure of the root, and multiply the square 
by 300 ; thus 300X2^^1200, (the square of 2 or 2* bemg 4,) 
which precisely conforms to the direction in the Rule. We are 
next required by the Rule " To find how often the divisor is con* 
tained in the dividend, and to put the result in the root for the 
next figure of the rootJ*' To understand clearly the reason of 
this requisition of the Rule, we musf consider, that the object io 
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dividing the 2648 by 1200, is not to find how many times the 
divisor is contained in the dividend,* but to ascertain the 
thickness of each of these three squares , t in order to make up an 
exact cube as in Figure D. Now, inasmuch as 2648 solid feet 
constitute the remaining number of solid feet, to make up the 
whole solidity of 10648 feet Figure D, and since there must be 
contained in this remainder of 2648 solid feet, the solid contents 
of these three squares at least, the 2648 will contain 1200 at 
least as many times, as there are feet in the thickness of each of 
these three squares. So we divide the 2648 by 1200 and find, that 
the quotient, or rather the thickness of each of these three squares, 
is 2 feet, which is the next and last figure of the root. On ap- 
plying these squares to the original cube A, we shall obtain B. 
But we see that, to make up the whole cube D, there is a defi- 
ciency at the corners, which deficiency we will supply by putting in 
these corners three solids of ten, which we suppose to be 20 feet 
long and 2 feet square each, and we shall have, 2 02 X^ X3=240 
solid feet belonging to these three pieces, to be added to the 2400 . 
solid feet, towards making up the whole cube D. This sura will be 
.2400+240=2640 solid feet, which lacks only 8 solid feet of 
amounting to the solid content 2648 feet. And we accordingly 
fimd, that, when the three corner pieces of 80 solid feet each are 
added to the Figure B, and form the figure C, there is still a 
small space not filled up, seen in Figure C, at the upper right 
hand corner. This small space may be filled by one of the solids 
of a unit, which we suppose to be 2 feet long, 2 feet broad, and 
2 feet thick, and which will tHUs make 2X2X2=8 solid feet, 
and added to the 2640 solid feet, will make up the remainder of 
2648 solid feet. If we put the solid of a unit into the upper right 
hand corner, therefore, of figure C, it will exactly make up 

* For sometimes it will be found in practice, that this dividend as it is 
called, will contain its divisor too many times ; that is, the quotient aiising 
from this division will be greater than the thickness of each of the three 
squares, which are added to make iip the whole cube. In such a case, the 
excess of the quotient will be manifest, when we make up the whole cube. 
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D, or a cube containing 10648 solid feet. Now we are directed 
in the Rule, after we have placed the result of the division of the 
dividend by the divisor in the root for the next figure of said 
root, " To multiply the divisor hy this next figure of the root, and' 
to this product to add the product of the former figure or figures 
of the root hy the product of 30 multiplied hy the square of the 
last figure of the root ; and to add to these products the cube of the 
last figure of the root ; calling the sum the subtrahend, which 
is to he subtracted from the dividend, and so on until the whole 
is finished J* Now we shall see, on a review of what we have 
done, how and why we comply with this direction of the Rule. 
FHrst^ then, the product of " the divisor hy this next figure of the 
root;' is 1200X2=2400 solid feet, the solid contents of the 
three squares put on to Figure A, to make Figure B. Secondly, 
the- number to be added to this product, viz. " the former figure 
or figures of the root by the product of 30 multiplied by the square 
of the last figure of the root;' is 2X30X2^=240== the solid 
contents of the three corner pieces of 20 feet long 2 feet broad 
and 2 feet thick each, which added to the Figure B, form the 
Figure C. For 20X2X^X3=240, that is, the product of 3 
into 80, the solid content of one of these corner pieces, is the same 
thing as '* the product of the former figure 2 of the root hy the 
product of 30 into 4, the square of 2, the last figure of the rooty 
Thirdly, the last number to be added to this product of " the 
divisor hy the next figure of the root;' is " the cube of the last 
figure of the root;' 2x2x2=8. This cube is a solid of 8 solid 
feet added to the Figure C, to complete the whole cube D. The 
sum of all these products will then stand as follows : 

lonn^^o i "Product of the divisor by the next ) cyAr^ 

1200X2= ^ figure of the root." ] ^^ 

r " Product of the former figure of the " 

QvqftvS^ i root by the product of 30 multiplied ( ^^^ 

2X30X2— i ijy^j^g gq^^^^g Qf ^he last figure of ^ "^^^ 

I the root." J 

2x2X2= " Cube of the last figure of the root." 8 



Subtrahend =S648 
This subtrahend we subtract from our dividend, and find that 
nothing remains ; so that our work is finished, and 22 feet is 
found to be the length of one side of a cube containing 
82X22X22=10648 solid feet. 
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CONCLUSION. 



If the pupil has duly attended to the preceding illustrations, 
he cannot have failed to gain an adequate idea of the science of 
Numbers, and a clear comprehension of the philosophy of the 
Arabic NotoJion, as the medium through which a knowledge of 
that science is usually conveyed to the mind. 

The chief obstacle, indeed, which lies in the way of the 
learner, consists in the difficulty of his understanding the precise 
import of the lionguage of Figures ; to surmount which obstacle, 
it is absolulely esseiiiial that he should learn this language. 

As we have previously intimated, number is one of the earliest 
and simplest ideas which the human mind acquires. Why is it, 
then that number is so intelligible, and that Arithmetic, which is 
the " Science of Number," is so difficult of acquisition ? The 
answer is obvious. It is because the Doctrine of Notation, or 
the Lanf^uage which is used in teaching Arithmetic, is imper- 
fectly understood. 

The pupil, then, has a new language to learn, which is as 
different from his vernacular tongue, as is the Hebrew, the Greek, 
or the Latin ; and without a knowledge of this language, he can 
no more obtain an adequate idea of Arithmetic, as taught by 
means of it, than he can understand the harangue of a savage, 
pronounced in the unknown dialect of a Pequod or a Choctaw. 

In learning the Language of Figures, the principal difficulty 
consists in a confused and an erroneous idea of the value of the 
places, or of the different orders of units, in Numeration. To 
remove this difficulty in the most effectual manner, we must 
have recourse to the simplest suggestion, by means of which the 
idea of value is imparted to the mind. And "if we observe .the 
mode in which children, at a very early period, obtain this idea 
of value, we must be led to the conclusion, that the magnitude, 
or the size of objects, is the primary/ suggestion of their value. 
The child infers, that an apple, for instance, which he supposes 
to be twice as large as another apple, is worth twice as much, or 
, possesses twice the value. We well know, too, that a child, before 
he understands the real value of different coins, prefers a cent 
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to a fourpence-half-penny, because the cent is the " biggest," 
With much more certainty would he make this inference, if, in 
addition to the superior size of the cent, these two coins were 
apparently homogeneous, or of the same color. This propensity 
to infer the value of things from their size, or visible dimensions, 
discovers itself not only in childhood, but in subsequent life ; 
and thus indicates the most feasible means of suggesting to 
the mind of the beginner an intelligible notion of the relative 
value of numbers, in the differenj; places of Notation. 

The satisfactory clearness, then, with which the illustrations of 
this work are effected, arises mainly from taking advantage of 
this early and obvious principle of mental operation ; and the 
ease and rapidity with which the pupil, by means of these illus- 
trations, obtains ideas on the subject of Arithmetic, which he has 
in vain spent months and e^en years to acquire, may be ac- 
counted for in the simple fact, that, in the preceding Treatise, 
we have used the same means to impart the *' science op num- 
ber," which, from time immemorial, have been employed in 
teaching the '^ science of extension." 
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